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CHAPTER - 1 
LITERATURE SURVEY  
ON SCHIFF BASES 
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Schiff bases are organic compounds containing >C=N group. These 
bases are also known as imine or azomethine or anil. Generally, they are 
known as “Schiff bases” to honour Schiff  (1), who synthesized such  
compounds. 
Owing to their characteristic propertie s like, manifestations of novel 
structures, thermal stabilities, abnormal magnetic properties, relevant  
biological properties, high synthesis flexibility, varied coordinatin g ability and 
medicinal utility, a wide range of these compounds has been synthesiz ed (2 -9) 
and extensively studied (10-17). These bases are products of reaction between 
aldehyde or ketonic components and primary aliphatic or aromatic amines, 
ammonia, hydrazine, N-phenylhydrazine, hydroxylamine, semicarbazide (18-
20), thiosemicarbazide and their substituted derivatives. 
Dayagi and Degani (21 ) have reported some methods for the synthesis  
of Schiff bases. Mehta et al. (22 ) have synthesized some Schiff bases from 2 -
hydroxy-naphthaldehyde and amino acids and studied physicochemical  
properties of their metal complexes. Hori and Takahashi (23) synthesized some 
Schiff bases from substituted salicyldehyde and bis (2 -amino ethyl) sulfite  
along with their nickel complexes. Dash et al.  (24) also synthesized some 
thiazole Schiff bases. Bosque et al. (25 ) synthesized Schiff bases derived from 
benzoylferrocene and their cyclopalladated de rivatives and reported their X -
ray structure. Sampat and Mehta  (26) gave the detail study report on  
heterocyclic Schiff base ligands derived from pyrrole 2 -carboxaldehyde and 
pyridine-2-carboxyaldehyde with o-toluidine, p-toluidine and aniline. Singh et 
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al (27) synthesized Schiff bases derived from 4 -amino antipyrine and studied 
their spectral and thermal properties.  Khare and Mishra (28) prepared Schiff 
bases from 2-amino pyridine and 2-furfuraldehyde. The coordination  
behaviour of Schiff bases of pyridine -2-carboxyaldehyde and 4-amino 
antipyrine in presence of oxygen donor ligand such as DMSO was also  
reported (29 ). Ferreria et al.  (30 ) have reported encapsulation of Co pper (ll) 
complexes with pentadentate N2O2 Schiff bases ligands in pi llared layered 
clay. Chang and Pan (31) also reported some Schiff bases derived from amino 
phenols and aromatic aldehydes. Maurya et al., (32) had synthesized novel 8 -
coordinate cis-MoO2 (Vl) complexes with some 4-amino antipyrine 
derivatives.  
   Spectroscopy has proved to be a very useful tool for conformational 
analysis, especially for the study of Schiff bases and its complexes.  
Nevertheless, for such an application, each conformer mu st display different 
vibrational properties. Since last two decades, researchers (33 -36) study the 
structure-reactivity property of the molecules with vibrational data. Several 
workers have reported infrared spectral studies of various Schiff bases and its  
complexes (37 -43) and observed that the band in the 1600 -1590 cm-1 for CH=N 
bond in Schiff bases of type Ar -CH=N-Ar. Campos and co-workers (44) studied 
IR spectra of Schiff bases and their Zinc complexes. FTIR and laser Raman 
spectra of some Schiff bases have been reported by Krishnakumar et al.  (45 ). 
Spectral study of some polymeric  Schiff bases was done by Przybylski and 
Brzezinski (46 ). Sandra et al., (47) synthesized some Schiff bases and studied 
their IR spectra             
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The NMR studies of Schiff  bases derived from several substituted 
benzaldehyde with 2-hydroxy benzyl amines were also studied (48 ). Jha and 
Joshi (49 ) have studied the Schiff bases, derived from salicyladehyde and 2 -
hydroxy-napthaldehyde with o-phynylenediamine and 2-aminopyridine using 
1H NMR (CDCl3) spectra. Perke and Frost (50) have studied the 1H NMR of 
Schiff bases derived from aliphatic and aromatic aldehydes with amino acids 
in basic solution. The formation constant of these Schiff bases was also 
determined. Platzer et al. (51) reported NMR of some Schiff bases derived 
from salicyldehyde with their iridium and rhodium complexes. The presence of 
keto-amine verses enol -imines equilibria was also reported by Alvarado et al. 
(52), while studying the NMR of Schiff bases derived from  hydroxyl 
napthaldehyde with various amines. Dessouki et al., (53) also studied NMR of 
some Schiff bases. The spectroscopic investigation of some thio Schiff bases 
was reported by Issa et al., (54 ). Raman and co worker (55) also reported NMR 
spectral data of some Schiff bases derived from p-anisidene.  
Madusudanan et al., (56 ) reported mass spectra of substituted phenyl -
ethyl amines and their Schiff bases. Mass spectra of some other Schiff bases 
have also been reported by some workers (57,58).  
The absorption spectra of Schiff bases were studied by several  
workers (59 -61). Lehtinen and Halmekoski  (62 ) have taken UV spectra of the 
Schiff bases prepared from substituted salicylaldehyde and sulphonamide 
and marked three distinctly separate absorbance peaks in  the range 225 to 
335 nm. 
            Many Schiff bases have found to possess biological activities such as: 
antibacterial (63-66), antifungal (67 -71), antitubercular (72), anticancer  (73), antitumor 
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(74-76), herbicidal (77), acetycholinesteraseinhiitors (78 ), medicinal and  
agrochemical (79) activities. Sulpha drugs are well known to various  
physicochemical activities (80-82). Chakrabarti and De reported anticancer  
activity of pyrimidine Schiff bases (83). Some of Schiff bases are known to act 
as intermediate in the synthesis of various drugs (84,85). Sheehan and Ryan (86) 
have synthesized Schiff bases from substituted benzaldehyde and aniline and 
were used as an intermediate in synthesis of substituted penicillin’s.  
In addition to these, various other applica tions of Schiff bases have 
also been reported. Some of these bases act as corrosion inhibitor  (87,88). 
Kodak (89 ) have synthesized Schiff bases derived from 2,5 -dihydroxy-
benzaldehyde and 2-sulpho-benzaldehyde with substituted N,N’ -diethylene 
and 4-aminophenol respectively and found that these Schiff bases are useful 
as photographic developer. Prot et al.  (90 ) synthesized some Schiff bases 
which have photo conductive property. The inhibition property of Schiff bases 
against acid corrosion of steel and alumi num were also observed  (91). So, 
these Schiff bases can be used in paints, primers, wax, polish, high  
performance lubricants etc., to prevent corrosion.  
 A literature survey shows that very little work has been done to study 
physico chemical properties of these Schiff bases. The density and refractive 
index of some Schiff bases have also been reported in solutions  (92). 
Conductances of some Schiff bases in DMF and DMSO have  been measured 
at different temperatures  by Grzeszcuk and Bator  (93). Further, in ou r 
laboratory, some conductance measurements and determination of heat of 
solution have been done for few Schiff bases (94).  
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Several workers (95-97) studied the thermal decomposition of Schiff  
bases. More Bhalvankar (98) studied the thermal properties of Schiff bases 
derived from 2-amino-5-(o-methoxyphenyl-1, 3,4-thiadiazole). Karia and  
Parsania (99 ) studied the thermal properties of Schiff bases based on  
bisphenol-C. Thermal studies of Schiff bases derived from salicylaldehyde 
and glycine were also reported by Nath (100). 
 The dissociation constants of some Schiff bases have also been  
reported (101-103). Pardeshi et al. (104) studied dissociation constant of Schiff 
bases derived from 2-hydroxy-1-napthaldehyde and 2-substituted anilines.  
 Not much work has been done for the acoustical studies of Schiff  
bases. Recently, acoustical studies of some Schiff bases in 1,4-dioxane and 
dimethylformamide have been studied (105-108) in our laboratory. 
Thus, in the present work, an attempt has been made to study physico- 
chemical properties of some Schiff bases. The Schiff bases have been  
synthesized  from 4-amino antipyrine and vanilline. These two moieties were 
selected due to their various applications. 4 -amino antipyrine is used as an 
intermediate for the synthesis o f anti pyretic and analgesic drugs, where as 
vanilline is used in the production of chocolates, cookies, bakery product, ice -
cream, perfume industries, drugs, chewing gum etc.  
The characterization of synthesized Schiff bases is done by TLC, U.V, 
1H NMR, IR  and Mass spectroscopy. The physico chemical properties such 
as conductance, heat of solution, density , refractive index, dissociation  
constants, thermal properties , acoustical properties etc., have been studied in 
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different solvents. Further, the antibact erial activity and antitubercular activity 
of all these bases have been studied. 
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CHAPTER - 2 
SYNTHESIS AND 
CHARACTERIZATION OF  
SCHIFF BASES 
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1. 4-[(4-Hydroxy-3-methoxy -benzylidene)-1,5-dimethyl-2-phenyl-1,2-
dihydro- pyrazol-3-one [GKS-1] 
2. 4-(Benzylidene-amino)-1,5-dimethyl-2-phenyl-1,2-dihydro-pyrazol-3-one  
[GKS-2] 
3. 4-[(Furan-3-ylmethylene)-amino]-1,5-dimethyl-2-phenyl-1,2-dihydro-
pyrazol-one  [GKS-3] 
4. 4-[4-Methoxy -benzylidene-amino]-1,5-dimethyl-l-2-phenyl-1,2-dihydro-
Pyrazol-3-one  [GKS-4] 
5.      2-Methoxy -4-[(4-methoxy -phenylimino)-methyl] -phenol [VKS-1] 
6.      4-[(2,4-Dimethyl-phenylimino)-methyl]-2-methoxy-phenol [VKS-2] 
7.     2-Methoxy-4-(naphthalene-1-yliminomethyl)-phenol [VKS-3] 
8. 4-[(4-Hydroxy-3-methoxy -benzylidene)-amino]-N-(5-methyl-isoxazol-3-
yl)-benzenesulfonamide [VKS-4] 
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             The requisite amount of aldehyde, dissolved in 200 ml methanol was 
added to 0.1 mole of amine and few drops of glacial acetic acid, which acts as 
a catalyst. The mixture was refluxed for 10-12 hours at 70-80oC in water bath.  
The resulting solution was cooled to room temperature, and then poured in 
crushed ice with constant stirring. Th e precipitate was filtered and washed 
with Sodium bisulfite solution to remove excess of aldehyde. The product was 
crystallized from hot methanol and dried.  
 
  
R-CHO + R'-NH2 R-CH=N-R'  
N
N
O
CH3
CH3
For GKS, R' is 4-amino antipyrine :
and R are as :
O
CH3
OHGKS - 1 : GKS - 2 :
GKS - 3 :
O
GKS - 4 : O
CH3
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For VKS, R is Vanillin :
and R' are as :
O
CH3
CH3
CH3
VKS - 1 : VKS - 2 :
VKS - 3 : VKS - 4 :
O
CH3
OH
S
O
O
NH
N
O CH3
 - 3
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        The compounds are well characterized on the basis of ultraviolet,  
infrared as well as nuclear magnetic resonance data. Important observations 
are as follows: 
 
 
          IR spectrum arises due to excitation of vibrational and rotational energy 
levels of the molecular or individual functional groups. IR spectroscopy is an 
excellent method for the qualitative analysis. There are many other  
applications also, such as determination of force constant, bond strength, 
identification of compounds, presence of certain groups in the molecules, 
identification of hydrogen bonding, study of co -ordination compounds, 
polymers and detection of impurity etc.  
         The IR spectrum in the frequency range 4000 cm -1 to 666 cm -1 is 
important in organic chemistry. In IR spectroscopy, the absorbed energy 
causes changes in the vibrational energy, which depend upon masses of the 
atoms present in the molecule, strength of the bond and the arrangement of 
the atoms within the molecule. 
           The IR spectra (KBr pellets) of Schiff bases scanned on “SHIMDZU 
F.T.IR 8400” over the frequency range from 4000 cm -1 to 666 cm-1 in Tables 
2.2 – 2.9 along with their IR spectra in Figures 2.2 – 2.9.  
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Table-2.1: The Rf  values, % yield and melting point of  these schiff bases are 
given.  
 
 
EA= Ethyl acetate; H= Hexane  
 
 
 
 
     
 
 
 
 
 
Compd
.Code 
Molecular 
Formula 
Molecular 
Weight 
(gm/mol) 
M.P 
OC 
% 
Yield 
Rf* 
value 
 
Solvent 
system 
GKS-1 C19H19N3O3 337.37 194 67 0.30 EA:H  4:6 
GKS-2 C18H17N3O 291.35 163 56 0.60 EA:H  4:6 
GKS-3 C16H15N3O2 281.31 216 45 0.38 EA:H  4:6 
GKS-4 C19H19N3O2 321.37 159 59 0.48 EA:H  4:6 
VKS-1 C15H15NO3 257.28 138 58 0.61 EA:H  3:7 
VKS-2 C16H17NO2 255.31 142 61 0.50 EA:H  3:7 
VKS-3 C18H15NO2 277.32 108 58 0.53 EA:H  3:7 
VKS-4 C18H17N3O5S 387.41 147 63 0.48 EA:H  2:8 
  17 
Table - 2.2 :  IR SPECTRAL STUDY OF 4 -[(4-HYDROXY-3-METHOXY-
BENZYLIDENE)-1,5- DIMETHYL-2-PHENYL-1,2- DIHYDRO- 
PYRAZOL-3- ONE [GKS-1] 
 
 
Structure:  
                                                          
N
N
CH3
CH3
O
N CH OH
O
CH3
 
 
 
 
 
Type Vibration mode Frequency in 
cm-1 
Expected frequency in 
cm-1 
Phenolic  
-OH 
Ar-N=C-Ar 
Alkene 
-OCH3 
-O-H (str.) 
-O-H (bend.) 
-N=C (str.) 
-C-H (def.) asym. 
-OCH3 
>C=O (str.) 
3412 
1381 
1581 
1377 
2852 
1640 
3580-3420 
1410-1310 
1640-1580 
1385-1370 
2880-2915 
1625-1680 
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Table-2.3 :  IR SPECTRAL STUDY OF 4-(BENZYLIDENE-AMINO)-1,5-  
DIMETHYL-2-PHENYL-1,2-DIHYDRO-PYRAZOL -3-ONE  [GKS-2] 
       
 Structure:          
N
N
CH3
CH3
O
N CH
 
 
 
Type Vibration mode Frequency in 
cm-1 
Expected frequency in 
cm -1 
Aromatic 
 
Ar-N=C-Ar 
Alkene 
-OCH3 
C=C 
-N-CH3 (str.) 
-N=C (str.) 
-C-H (def.) asym. 
 
-OCH3 
>C = O (str.) 
1588 
3160 
1595 
1362 
2852 
1644 
1600-1585 
3330-3140 
1640-1580 
1385-1370 
2880-2915 
1625-1680 
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Table - 2.4 :  IR SPECTRAL STUDY OF 4-(FURAN-3-YLMETHYLENE)-
AMINO] -1,5- DIMETHYL-2-PHENYL-1,2-DIHYDRO-PYRAZOL-3-
ONE  [GKS-3] 
 
Structure:          
N
N
CH3
CH3
O
N CH
 
 
 
Type Vibration mode Frequency in 
cm-1 
Expected 
frequency in 
cm-1 
Aromatic 
 
Ar-N=C-Ar 
Alkene 
 
C=C 
-N-CH3 (str.) 
-N=C (str.) 
-C-H (str.) asym. 
-C-H (str.) sym  
>C=O (str.) 
1588 
3160 
1593 
2923 
2854 
1649 
1600-1585 
3330-3140 
1640-1580 
2975-2915 
2880-2910 
1625-1680 
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Table-2.5: IR SPECTRAL STUDY OF 4-[(HYDROXY-3-METHOXY-  
BENZYLIDENE)-AMINO] -1,5-DIMETHYL-2-PHENYL-1,2-DIHYDRO- 
          PYRAZOL-3-ON [GKS-4] 
  
   Structure:          
N
N
O
CH3
CH3
N CH O
CH3
 
 
 
Type Vibration mode Frequency in 
cm -1 
Expected frequenc y 
in 
cm -1 
Aromatic 
 
Ar-N=C-Ar 
-OCH3 
C=C 
-N-CH3 (str.) 
-N=C (str.) 
-OCH3 
>C=O (str.) 
1593 
3049 
1647 
2832 
1644 
1600-1585 
3330-3140 
1640-1580 
2880-2915 
1625-1680 
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Structure:        
 
OH
O
CH3
HC O
CH3
N
 
 
 
Type Vibration mode Frequency in 
cm-1 
Expected 
frequency in 
cm-1 
Phenolic  
-OH 
Aromatic 
 
Ar-N=C-Ar 
-O-H (str.) 
-O-H (bend.) 
C=C 
-N-CH3 (str.) 
-N=C (str.) 
3470 
1379 
1589 
3160 
1622 
3580-3420 
1410-1310 
1600-1585 
3330-3140 
1640-1580 
 
 
 
Table - 2.6 :  IR SPECTRAL STUDY OF 2-METHOXY - 4-[(4-METHOXY- 
                         PHENYLIMINO)-METHYL]-PHENOL [VKS-1] 
Deleted: <sp>
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Table - 2.7 :  IR SPECTRAL STUD Y OF 4-[(2,4-DIMETHYL-PHENYLIMINO)- 
                    METHYL]-2-METHOXY-PHENOL [VKS-2] 
 
 
  Structure:  
OH
O
CH3
HC N CH3
CH3
 
 
 
Type Vibration mode Frequency in 
cm-1 
Expected 
frequency in 
cm-1 
Phenolic  
-OH 
Ar-N=C-Ar 
Alkene 
-O-H (str.) 
-O-H (bend.) 
-N=C (str.) 
-C-C (o.o.p.d.) 
3400 
1433 
1620 
702 
3580-3420 
1410-1310 
1640-1580 
710-675 
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Table - 2.8 :  IR SPECTRAL STUDY OF 2 -METHOXY-4-(NAPHTHALENE-1- 
                   YLIMINOMETHYL)-PHENOL [VKS-3] 
 
 
Structure:  
OH
O
CH3
HC N
 
 
 
Type Vibration mode Frequency in 
cm-1 
Expected 
frequency in 
cm -1 
Phenolic  
-OH 
Aromatic 
Ar-N=C-Ar 
-OCH3 
-O-H (str.) 
-O-H (bend.) 
C=C 
-N=C (str.) 
-OCH3 
3430 
1398 
1595 
1624 
2852 
3580-3420 
1410-1310 
1600-1585 
1640-1580 
2880-2915 
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Table-2.9:  IR SPECTRAL STUDY 4 -[(4 -HYDROXY-3-METHOXY-
BENZYLIDENE)-AMINO]-N-(5-METHYL-ISOXAZOL-3-YL)-
BENZENESULFONAMIDE  [VKS-4] 
   
 
 Structure: 
OH
O
CH3
HC N S
O
O
NH
O
N CH3
 
 
 
Type Vibration mode Frequency in 
cm-1 
Expected 
frequency in 
cm-1 
Phenolic  
-OH 
Ar-N=C-Ar 
-S=O 
-O-H (str.) 
-O-H (bend.) 
-N=C (str.) 
-S=O(str.)asym 
>C=O (str.) 
3440 
1390 
1635 
1170 
1640 
3580-3420 
1410-1310 
1640-1580 
1180-1140 
1625-1680 
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           The Nuclear Magnetic Resonance was first developed the method in 1946 
by E.M.Purchell and Felix Bloch.  Nuclear magnetic resonance involves the  
interaction between an oscillating magnetic field of electro -magnetic radiation and 
the magnetic energy of the hydrogen nucleus or some other type of nuclei when 
these are placed in an external static magnetic field.  The sample absorbs electro -
magnetic radiations in radio-wave region at different frequencies since absorption 
depends upon the type of protons or certain nuclei contained in sample.  
           The NMR spectrum gi ves valuable data about the carbon chain, structural 
diagnosis, conformational analysis, determination of reaction ve locities, keto-enol 
tautomerism. It also helps  to study exchange effects, in determination of activation 
energy etc.  
 1H NMR spectra were scanned on "BRUGER – FTNMR 300MHz by using 
deuterated chloroform ordimenthyl sulfoxide as a solvent.  
The chemical shift ( ppm), and multiplicities of these Schiff bases are  
reported in Tables 2.10-2.17 and along with Figures 2.9 – 2.16.   
 
 
 
 
 
 
  34 
Table-2.10:    NMR SPECTRAL STUDY OF 4-[(4-HYDROXY-3-METHOXY-                   
  BENZYLIDENE)-1,5-DIMETHYL-2-PHENYL-1,2-DIHYDRO-   
PYRAZOL-3-ONE [GKS-1]. 
 
 
Structure:  
 
N
N
CH3
CH3
O
N CH OH
O
CH3
 
 
 
                                                   
 
 
 
Signal 
No. 
Signal position 
(  ppm) 
Relative No.  
of protons 
Multiplicity  Inference 
1 
2 
3 
4 
5 
2.46 
3.10 
3.91 
6.91-7.31 
9.6 
3H 
3H 
3H 
8H 
1H 
Singlet 
Singlet 
Singlet 
Multiplet 
Singlet 
 
-CH3 
N-CH3    
-OCH3 
Ar-H 
N=CH 
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Table-2.11: NMR SPECTRAL STUDY OF 4 -(BENZYLIDENE -AMINO)-1,5-  
DIMETHYL-2-PHENYL-1,2-DIHYDRO-PYRAZOL -3-ONE  [GKS-2]  
       
 
Structure:          
N
N
CH3
CH3
O
N CH
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Signal 
No. 
Signal position 
( ppm) 
Relative No. 
of protons 
Multiplicity  Inference 
1 
2 
3 
4 
2.46 
3.10 
6.91-7.31 
9.6 
3H 
3H 
10H 
1H 
Singlet 
Singlet 
Multiplet 
Singlet 
-CH3 
N-CH3    
Ar-H 
N=CH 
  37 
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Table-2.12 : NMR SPECTRAL STUDY OF 4-(FURAN-3-YLMETHYLENE)-
AMINO] - 1,5- DIMETHYL-2-PHENYL-1,2-DIHYDRO-PYRAZOL-3-
ONE  [GKS-3] 
 
 
Structure:          
N
N
CH3
CH3
O
N CH
 
 
 
 
 
 
                                                                            
 
 
 
 
 
 
 
 
 
Signal  
No. 
Signal position 
( ppm) 
Relative No.  
of protons 
Multiplicity  Inference 
1 
2 
3 
4 
2.47 
3.45 
6.46-6.56 
7.45 
3H 
3H 
8H 
1H 
Singlet 
Singlet 
Multiplet 
Singlet 
-CH3 
N-CH3    
Ar-H 
N=CH 
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Table-2.13: NMR SPECTRAL STUDY OF 4-[(HYDROXY -3 -METHOXY-  
                       BENZYLIDENE)-AMINO]-1,5-DIMETHYL-2-PHENYL-1,2-  
DIHYDRO-PYRAZOL-3-ON [GKS-4] 
 
 
 
Structure:          
N
N
O
CH3
CH3
N CH O
CH3
 
 
 
 
Signal 
No. 
Signal position 
( ppm) 
Relative No. 
of protons 
Multiplicity Inference 
1 
2 
3 
4 
5 
2.46 
3.10 
3.65 
6.94-7.41 
9.68 
3H 
3H 
3H 
9H 
1H 
Singlet 
Singlet 
Singlet 
Multiplet 
Singlet 
-CH3 
N-CH3    
-OCH3 
Ar-H 
N=CH 
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Structure:  
 
OH
O
CH3
HC O
CH3
N
 
 
 
 
 
 
 
 
 
 
Signal  
No. 
Signal position 
(ppm) 
Relative No.  
of protons 
Multiplicity Inference 
1 
2 
3 
4 
5 
            3.66 
3.93 
6.92-7.23 
6.35 
9.76 
3H 
3H 
7H 
1H 
1H 
Singlet 
Singlet 
Multiplet 
Singlet 
Singlet 
-OCH3 
-OCH3 
Ar-H 
N=CH 
-OH 
  Table-2.14 :   IR SPECTRAL STUDY OF 2-METHOXY- 4-[(4-METHOXY- 
   
                            PHENYLIMINO)-METHYL]-PHENOL [VKS-1] 
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Table-2.15 :  NMR SPECTRAL STUDY OF 4-[(2,4-DIMETHYL-PHENYLIMINO)- 
                   METHYL] -2-METHOXY-PHENOL [VKS-2] 
  
 
 Structure: 
OH
O
CH3
HC N CH3
CH3
 
                                          
 
 
 
 
 
  
 
 
 
Signal  
No. 
Signal position 
( ppm) 
Relative No.  
of protons 
Multiplicity Inference 
1 
2 
3 
4 
5 
6 
2.46 
2.49 
3.93 
6.36 
6.70-7.11 
9.70 
3H 
3H 
3H 
1H 
6H 
1H 
Singlet 
Singlet 
Singlet 
Singlet 
          Multiplet  
Singlet 
-CH3 
-CH3    
-OCH3 
-OH 
Ar-H 
N=CH 
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Table - 2.16 :  NMR SPECTRAL STUDY OF 2-METHOXY-4-(NAPHTHALENE - 
                            1- YLIMINOMETHYL)-PHENOL [VKS-3] 
 
 
Structure:  
                                      
 
OH
O
CH3
HC N
 
 
 
         
 
 
 
 
 
 
 
 
 
 
Signal  
No. 
Signal position 
( ppm) 
Relative No. 
of protons 
Multiplicity  Inference 
1 
2 
3 
4 
2.30 
6.1-7.59 
9.76 
10.46 
3H 
12H 
1H 
1H 
Singlet 
Multiplet 
Singlet 
Singlet 
-OCH3 
Ar-H 
N=CH 
-OH 
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Table-2.17 :   NMR SPECTRAL STUDY 4-[(4-HYDROXY -3-METHOXY-
BENZYLIDENE)- AMINO]-N-(5-METHYL-ISOXAZOL -3-YL)-
BENZENESULFONAMIDE [VKS-4] 
                    
Structure:  
OH
O
CH3
HC N S
O
O
NH
O
N CH3
 
            
 
 
 
 
 
Signal 
No. 
Signal position 
(  ppm) 
Relative No.  
of protons 
Multiplicity Inference 
1 
2 
3 
4 
5 
6 
3.56 
3.97 
3.63 
6.36-7.74 
9.60 
10.42 
3H 
3H 
1H 
9H 
1H 
1H 
Singlet 
Singlet 
Singlet 
Multiplet 
Singlet 
Singlet 
-CH3 
      -OCH3 
       -NH 
Ar-H 
N=CH 
-OH 
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In a mass spectrometer the substance under investigation is bombarded 
with an electron beam and the instrument quantitatively records the result as a 
spectrum of positive ion fragments. The probability of cleavage of a particular  
bond is related t o the bond strength, to the stability of the fragments. A mass 
spectrum is a presentation of mass/charge versus intensities or relative  
concentration. The molecular ion peak is usually the peak of highest m/e except 
for isotope peaks. 
  Some of the information, which cannot be obtained from other spectra can 
be obtained by mass spectra such as, it gives information  about the C-skeleton 
from fragment peaks, functional group from high m/e peaks and characteristic ion 
series, to measure distinction between cis  and trans isomers. Further biochemical 
reaction, in measurement of ionization potential of bond strengths, in quantitative 
analysis of mixtures, and also to studies of polymeric compounds.  
Mass spectra of all the compounds were taken on FEB -MASS 
Spectrometer.  The proposed fragmentation patterns of Schiff bases are shown in 
scheme 1-8 along with Figures 2.16 – 2.23.  
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[ Scheme 1 : GKS-1 ]
Scheme-1 : 4-[(4 -Hydroxy-3-methoxy-benzylidene)-1,5-dimethyl -2-phenyl -1,2-dihydro- pyrazol- 3-one   
[GKS-1] 
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   Figure -2.18 4-(Benzylidene-amino)-1,5-dimethyl-2-phenyl-1,2-dihydro -pyrazol-3-one  [GKS-2] 
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Scheme-2. 4-(Benzylidene-amino)-1,5-dimethyl -2-phenyl-1,2 -dihydro-pyrazol -3-one[GKS-2] 
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       Figure-2.19 :4-[(Furan-3-ylmethylene)-amino]-1,5-dimethyl-2-phenyl -1,2-dihydro -pyrazol-one   
                                 [GKS-3]  
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Scheme-3 :4-[(Furan-3-ylmethylene)-amino]-1,5-dimethyl -2-phenyl -1,2-dihydro-pyrazol -one [GKS-3] 
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5. 
        Figure-2.20 : 4-[4-Methoxy-benzylidene-amino]-1,5-dimethyl-l-2-phenyl -1,2-dihydro-Pyrazol -3-one    
                                   [GKS-4] 
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Scheme-4 :4-[4-Methoxy-benzylidene-amino]-1,5-dimethyl-l-2-phenyl-1,2-dihydro-Pyrazol-3-one  [GKS
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   Figure-2.21:  2 -Methoxy-4-[(4-methoxy-phenylimino)-methyl]-phenol [VKS-1] 
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        Scheme-5  2 -Methoxy-4-[(4-methoxy-phenylimino)-methyl] -phenol [VKS-1]  
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Figure-2.22 :4-[(2,4-Dimethyl-phenylimino)-methyl]-2-methoxy-phenol [VKS-2] 
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  Scheme-6.:4-[(2,4-Dimethyl -phenylimino)-methyl]-2-methoxy-phenol [VKS-2] 
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  Figure-2.23 :2-Methoxy-4-(naphthalene-1-yliminomethyl)-phenol [VKS-3] 
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              Scheme-7 :  2-Methoxy-4-(naphthalene-1-yliminomethyl)-phenol [VKS-3] 
[(m.w = 277) m/e=278 (m+1)]
[ Scheme 7 :  VKS-3 ]
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Figure-2.24:   4-[(4-Hydroxy-3-methoxy-benzylidene)-amino] -N-(5-methyl-isoxazol-3-yl)-    
                           benzenesulfonamide [VKS-4] 
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[(m.w = 387) m/e=388 (m+1)]
[ Scheme 8 : VKS-4 ]
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Scheme-8 :  4-[(4-Hydroxy-3-methoxy-benzylidene)-amino]-N-(5-methyl-isoxazol-3-yl)-    
                         benzenesulfonamide [VKS -4] 
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 Ultraviolet spectroscopy is one type of molecular spectroscopy. In which 
spectroscopy deals with the interaction of electromagnetic radiation with  
molecules. This results between rotational and vibrational energy levels in  
addition to electronic. 
            In U.V. spectroscopy the transitions are associated with the electronic 
energy involve relatively large quanta so there are simultaneous changes in 
the vibrational and rotational energies of the molecules. The electronic  
transitions involved in U.V. regions are of th e following types: áà  á*, nàá*, 
nà* and à*. 
         U.V. spectroscopy provides data such as, the nature of conjugated 
system and substitusents, from the empirical rules for calculation of max of (a) 
polyenens, (b) enones and (c) aromatic carbonyl comp ounds, the presence of 
aromatic units from the max  200nm and max    260nm (benzenoid) bands, by 
comparing the shape of the spectrum of the unknown with spectra of known 
compounds it is possible to identify the nature of the chromophoric units, 
weakly absorbing chomophores are identicated by weak bands in the  
absence of strong chromophores. 
 The UV spectra of Schiff bases in 1,4 -dioxane were scanned on  
“ELICO SL 159 UV -VIS” spectrophotometer.  The characteristic absorption 
maxima ( max ) at 214 and betwe en 320-330 nm. 
 
 
 
  69
 
 
 
 
 
 
 
1. V.M.Parikh, “Absorption spectroscopy of organic molecules”,Addission Wesley Pub., 
243 (1978).  
2. D.L.Pavia, G.M.Lampan and G.S.Kriz, “ Introduction of spectroscopy”, Saunders 
Publishing, Philadelphia, 46 (1979). 
3.  R.M.Silvestein ,G.S.Bassleo and T.C.Marrill,”Spectroscopy Identification of Organic 
Compound”, 4th edn, John Willey and sons, NewYork. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
CHAPTER - 3 
DENSITY AND  
REFRACTIVE INDEX  
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  The refractive index is a characteristic property of a substance, 
which depends upon temperature and the wavelength of the light used. It 
decreases with increasing temperature and wavelength.  
 Refractive index is a very useful method to determine the structure 
and identity of unknown compounds. It also determines isotropic and  
anisotropic behavior of the crystal by arrangement of the atoms (1). Further, 
refractive index along with density, molecular mass and specific volume are 
very useful in the evaluation of various thermodynamic properties of chemical 
materials. It is also useful to determine purity and polarity of substances, 
quantitative analysis of  mixtures etc. Refractive index  for many organic,  
inorganic, complexes and polymeric ma terials have been reported in  
literature (2-9). These measurements furnish a convenient method for  
quantitative analysis of binary solution s. It is thus possible to work out the 
refraction equivalents, number of atoms, groups, radicals and bond s by 
determining the molar refraction of a large number of compounds. Bokii and 
others reported refractometric method for determining the structure of  
complexes (10). The densit y and refractive index of some S chiff bases have 
also been reported in solutions (11,12). 
In the present chapter, we have measured the refract ive index of 
solutions of some Schiff bases in DMF and 1,4 -dioxane at 35 °C. From the 
experimental data, the density and refractive index of S chiff bases have been 
evaluated.  
 
 71 
 
 
 
The solvents DMF and 1, 4-dioxane were purified and fractionally  
distilled prior to use  (13). All the Schiff bases were recrystallized from  
methanol. For each schiff base, a series of solutions of different  
concentrations were prepared in both the solvents. The density and refract ive 
index of solutions are measure d by using Pyknometer and Abbe  
Refrectometer respectively. The results are given in Tables 3.1 and 3.2.  
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                     Table 3.1: The density (r12) and refractive index (n) of GKS Schiff bases in DMF solution at 35 °C. 
 
 
 
 
 
               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Concentration 
(M) 
r12 g1 g2 n r12 g1 g2 n 
 GKS-1 GKS-2 
0.00 - - - 1.424 - - - 1.424 
0.01 0.9377 0.9963 0.0036 1.427 0.9381 0.9968 0.0031 1.427 
0.02 0.9392 0.9926 0.0073 1.430 0.9390 0.9936 0.0063 1.429 
0.04 0.9409 0.9853 0.1465 1.432 0.9407 0.9873 0.0126 1.432 
0.06 0.9429 0.9780 0.2193 1.434 0.9409 0.9809 0.0190 1.433 
0.08 0.9552 0.9711 0.2886 1.436 0.9430 0.9747 0.0252 1.436 
0.10 0.9564 0.9639 0.3603 1.439 0.9449 0.9685 0.0314 1.439 
 GKS-3 GKS-4 
0.00 - - - 1.424 - - - 1.424 
0.01 0.9384 0.9972 0.0030 1.430 0.9381 0.9964 0.0035 1.433 
0.02 0.9392 0.9940 0.0061 1.432 0.9390 0.9929 0.0070 1.435 
0.04 0.9414 0.9885 0.0122 1.433 0.9393 0.9860 0.0139 1.438 
0.06 0.9432 0.9841 0.0183 1.435 0.9396 0.9790 0.0209 1.439 
0.08 0.9444 0.9756 0.0243 1.436 0.9400 0.9720 0.0279 1.441 
0.10 0.9456 0.9696 0.0303 1.438 0.9430 0.9651 0.0348 1.443 
 73 
   Table 3.2: The density (r12) and refractive index (n) of GKS Schiff bases in 1,4-dioxane solution at 35 °C. 
 
Concentration 
(M) 
r12 g1 g2 n r12 g1 g2 n 
 GKS-1  GKS-2   
0.00 - - - 1.420 - - - 1.420 
0.01 - - - - 1.0185 0.9970 0.0029 1.421 
0.02 - - - - 1.0189 0.9941 0.0058 1.422 
0.04 - - - - 1.0194 0.9883 0.0116 1.423 
0.06 - - - - 1.0241 0.9825 0.0174 1.425 
0.08 - - - - 1.0259 0.9767 0.0232 1.436 
0.10 - - - - 1.0294 0.9710 0.0289 1.438 
 GKS-3  GKS-4  
0.00 - - - 1.420 - - - 1.420 
0.01 1.0195 0.9971 0.0028 1.425 1.0196 0.9967 0.0032 1.423 
0.02 1.0203 0.9943 0.0056 1.426 1.0212 0.9935 0.0064 1.424 
0.04 1.0209 0.9887 0.0112 1.428 1.0217 0.9871 0.0128 1.426 
0.06 1.0216 0.9831 0.0168 1.430 1.0227 0.9807 0.0192 1.429 
0.08 1.0240 0.9775 0.0224 1.431 1.0242 0.9743 0.0256 1.431 
0.10 1.0258 0.9719 0.0280 1.434 1.0259 0.9679 0.0384 1.433 
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The density of solution (12) is related to densities of the solvent, 
solute and their  weight fractions g1 and g2, according to the equation:  
             1/12 = g1/1 + g2/2 ………(3.1) 
where 12 is density of the solution and 1 and 2 are the densities of the 
solvent and solute respecti vely. Tables 3.1-3.4 show the experimental values 
of densities an d refractive index for all the Schiff bases in DMF and 1,4 -
dioxane. 
The density of these S chiff bases was determined from the slope of 
the plot of 1/ g 112 verses g2/g1. Figures 3.1 and 3.2 s how a plot of 1/ g 112 
verses g2/g1 for (A) GKS and (B) VKS in 1,4-dioxane solution. The inverse of 
slope gives 2. All these densities are given in Table 3.6.  
Further, from the knowledge of structural aspects, the density of a 
compound can be determined by following equation (14): 
              = KM / NAVi………. (3.2) 
where  the density of the compound, K is packing fraction  (0.68), M is the 
molecular weight of the compound, N A is the Avogadro’s number and Vi  is 
the volume increment of the atoms and ato mic groups present in the  
compound. Vi for some of the atoms and group of atoms are reported in 
Table 3.5. The densities calculated from equations( 3.2) are given in Table 
3.6.      
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The density is not much affected by intermolecular interaction.  
However, due to polar substituent, there may be change in volume as well as 
in the molecular weight of the compound. Table 3.6 shows the  difference 
between experimental and calculated values [from equation ( 3.2)] of density. 
The difference suggests that molecular in teraction plays important role in  
solution. There may be solvation of ions in solution, which results in deviation 
between experimental and calculated values.   The deviation is higher in 1,4 -
dioxane. 
 The molar refraction (MRD) of pure liquid and solutions  can be  
determined according to Lorentz and Lorentz  (15).  
For pure liquid: 
(MRD) = [(n2 –  1)/(n2 + 2)]. M/    …….. (3.3) 
where n is refractive index and M is the molecular weight of the liquid.  
For solution: 
(MRD) 12= [(n212 – 1)/(n212 + 2)]. (X1M1 + X2M2) / 12 …… (3.4) 
where n12 and 12 are the refractive index and density of the solution  
respectively. X1, X2  are the mole fractions and M 1,  M2 are the molecular 
weights of the solvent and solute respectively. 
The plots of (MRD)  12 verses concentration for all Schiff bases in DMF 
and 1,4-dioxane are given in Figures 3.3 and 3.4 respectively. It is evident 
from figures that (MRD)  12 increase with increase in concentration. From the 
values of the molar refraction of solution and pure solvent, molar refraction of 
solid compounds were determined by the following equation: 
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            Table 3.3: The density ( 12) and refractive index (n) of VKS Schiff bases in DMF solution at 35 C. 
 
               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Concentration 
(M) 
12 g1 g2 n 12 g1 g2 n 
 VKS-1  VKS-2  
0.00 - - - 1.424 - - - 1.424 
0.01 0.9382 0.9971 0.0028 1.428 0.9417 0.9972 0.0027 1.430 
0.02 0.9389 0.9944 0.0055 1.431 0.9421 0.9944 0.0055 1.432 
0.04 0.9398 0.9888 0.0118 1.433 0.9427 0.9889 0.0110 1.434 
0.06 0.9409 0.9832 0.0167 1.436 0.9430 0.9834 0.0165 1.436 
0.08 0.9412 0.9776 0.0223 1.438 0.9443 0.9779 0.0220 1.439 
0.10 0.9417 0.9720 0.0279 1.441 0.9460 0.9724 0.0275 1.442 
 VKS-3  VKS-4  
0.00 - - - 1.124 - - - 1.424 
0.01 0.9472 0.9970 0.0029 1.431 0.9389 0.9957 0.0042 1.429 
0.02 0.9475 0.9940 0.0059 1.434 0.9401 0.9915 0.0084 1.431 
0.04 0.9476 0.9880 0.0119 1.437 0.9417 0.9831 0.0168 1.432 
0.06 0.9477 0.9820 0.0179 1.439 0.9439 0.9747 0.0251 1.434 
0.08 0.9478 0.9760 0.0239 1.442 0.9446 0.9664 0.0335 1.435 
0.10 0.9478 0.9701 0.0298 1.443 0.9535 0.9584 0.0415 1.437 
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     Table 3.4: The density (12) and refractive index (n) of VKS Schiff bases in 1,4-dioxane solution at 35 C. 
 
 
 
 
Concentration 
(M) 
12 g1 g2 n 12 g1 g2 n 
 VKS-1  VKS-2   
0.00 - - - 1.420 - - - 1.420 
0.01 1.0194 0.9974 0.0025 1.425 1.0181 0.9974 0.0025 1.422 
0.02 1.0208 0.9948 0.0051 1.428 1.0203 0.9948 0.0051 1.425 
0.04 1.0239 0.9897 0.0102 1.430 1.0221 0.9897 0.0100 1.427 
0.06 1.0262 0.9846 0.0153 1.433 1.0242 0.9847 0.0152 1.429 
0.08 1.0283 0.9795 0.0204 1.435 1.0250 0.9796 0.0203 1.430 
0.10 1.0307 0.9744 0.0255 1.437 1.0264 0.9745 0.0254 1.432 
 VKS-3  VKS-4  
0.00 - - - 1.420 - - - 1.420 
0.01 1.0226 0.9972 0.0027 1.421 1.0187 0.9961 0.0038 1.423 
0.02 1.0238 0.9968 0.0055 1.423 1.0206 0.9922 0.0077 1.424 
0.04 1.0247 0.9889 0.0110 1.426 1.0218 0.9845 0.0154 1.426 
0.06 1.0257 0.9834 0.0165 1.428 1.0239 0.9768 0.0231 1.428 
0.08 1.0264 0.9779 0.0220 1.430 1.0263 0.9691 0.0308 1.429 
0.10 1.0271 0.9724 0.0275 1.432 1.0288 0.9615 0.0384 1.431 
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Figure 3.1: The plots of 1/g112 against g2/g1 for (A) GKS and (B) BKS in 1,4-
dioxane at  35 0C. 
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Table 3.5: The volume increment of some atoms and groups of atoms.  
Atoms or 
Atomic groups 
Volume 
increment (A)3 
Atoms or 
Atomic groups 
Volume 
increment (A)3 
 
C
H
H C
H
1.08 1.54
C
N
H C
H
1.08 1.54
1.37 1.2
8
1.54
N
C
N C
ar
C
C
N O
1.3
7
1.37
C
N
C C
ar
1.37
1.48
C
H
C C1.48
1.08
C O
1.28
N OC
1.281.37
O
O
O
O
arO
 
 
 
 
 
 
 
 
 
23.5 
 
 
 
 
7.86 
 
 
 
 
14.1 
 
 
 
 
2.89 
 
 
 
 
10.2 
 
 
 
 
 
14.7 
 
 
 
 
 
5.85 
 
 
6.39 
 
C
H
H O
H
1.48 1.50
N
N
C
C
1.37
C
C
C C
ar
1.37
1.48
1.48
1.37
1.08
1.481.28
O
arO
ar
1.0
O
C
O
C C
C H
C CN
H
O H1.08
OC
H
ar
1.50
1.37
O
O
O
 
 
 
 
 
25.3 
 
 
 
 
2.94 
 
 
 
 
8.4 
 
 
 
 
 
11.65 
 
 
 
 
1.08 
 
 
 
3.61 
 
 
4.7 
 
 
 
 
5.6 
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Atoms or 
Atomic groups 
Volume 
increment (A)3 
Atoms or 
Atomic groups 
Volume 
increment (A)3 
 
O CC
1.50 1.37
C
H
C
N
1.4
1.48
1.50
1.01
1.061.45
arO
1.81
O
C
O
C C
CH3
H N
1.28
1.08
N CC
1.281.37
C
S NO
O
C
S
C C
O
1.81
1.48
S O
1.43
O
O
O
 
 
 
2.69 
 
 
 
 
1.24 
 
 
 
 
 
 
5.62 
 
 
 
 
 
 
11.56 
 
 
 
 
 
 
3.19 
 
 
 
 
13.70 
 
 
 
 
 
9.57 
 
 
 
 
6.22 
 
 
 
N
H
C
C
1.37
1.45
1.08
NO
O
S NO
C
C C
O
1.81
1.48
1.6
C
C C
N
1.28
O
H
C
1.08
1.37
C
C C
S
1.81
1.48
O
O
 
 
 
 
 
8.3 
 
 
 
 
 
7.29 
 
 
 
 
7.84 
 
 
 
 
 
 
 
 
5.6 
 
 
 
 
 
 
 
 
 
 
10.05 
 
 
 
 
 
 
9.37 
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 Figure 3.3. The variation of molar refraction (MRD) 12 with concentration of GKS  
Schiff  bases in (A) DMF and (B) 1,4-dioxane at 350 C.                        
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 Figure 3.4. The variation of molar refraction (MRD) 12 with concentration of VKS 
                      Schiff bases in (A) DMF and (B) 1,4 -dioxane at 350 C.                 
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  Figure 3.5. The variation of molar refraction (MRD)  2 with concentration of 
GKS Schiff  bases in (A) DMF and (B) 1,4-dioxane at 350 C.            
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Figure 3.6.  The variation of molar re fraction (MRD) 2  with concentration of    
VKS Schiff bases in (A) DMF and (B) 1,4-dioxane at 350 C.                  
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(MRD) 12= X1 (MRD) 1+ X2 (MRD) 2       …………(3.5) 
        Figures 3.5 and 3.6 show the variation of (MRD)  2 with concentration for 
Schiff bases.   It is observed from Figures that deviations are higher at low 
concentration range.  Thus, it is difficult to determine the refractive index ( ) 
of pure Schiff basis.  However, we have try t o calculate the values by taking 
lower molar refraction values and the calculated and (  ) values are given in 
Table-3.6 along with densities.  As expected some of the values are quite 
higher.  The reason for such discrepancies can be due to interactions  in 
solutions.  The substituted groups of solute play important role in molecular 
interactions taking place in solution.  Such interactions effect the molar 
reflection, density and thereby reflective index.  The interaction in solutions 
are further discussed in Chapter-8.     
From the density and molar refraction  (MRD)2 data, the refractive 
index (n) of each Schiff bases were calculated and  are given in Table 3.6.   
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Table 3.6.  Experimental and calculated densities (2) of Schiff bases at 35 C. 
 
 
 
Density.g/cm3 
[Calculated from 
Figure 1 and 2] 
Solvent 
 
 
RI ( ) 
 
 
 
Compound 
 
Density.g/cm3 
[Calculated 
from 
 equation (2)] 
DMF 1,4-dioxane DMF 1,4-dioxane 
GKS-1 1.214 1.333 - 2.33 _ 
GKS-2 1.126 1.294 1.538 2.67 1.99 
GKS-3 1.207 1.555 1.233 3.33 2.12 
GKS-4 1.146 0.925 0.933 2.28 1.90 
VKS-1 1.115 1.000 1.875 2.01 1.76 
VKS-2 1.068 1.250 1.500 2.26 2.25 
VKS-3 
VKS-4 
1.134 
1.125 
0.940 
1.153 
1.189 
1.400 
1.90 
1.79 
1.34 
1.91 
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CHAPTER - 4 
HEAT OF SOLUTION 
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  The addition of some solutes to a solvent will raise the temperature of 
solution, while others may lower the temperature and still others will have no 
noticeable effect. This behavior depends on the amount of heat given off or 
absorbed during the process of making a solution. It is equal to difference 
between the energy that must be supplied to break up the crystal of the 
solute and the energy that released when the solute particles are taken into 
solution by the solvent. When the temperature wi ll decrease, the heat of 
solution is negative where as increase of the temperature gives positive heat 
of solution. 
The molar heat of solution and melting temperature of a substance 
can be determined from the solubility measurement at different temperature s 
(1). The heat of solution for many organic, inorganic and complexes have also 
been reported (2-4 ).  The thermodynamic properties of several electrolytes in 
different solvents have been studied by many workers  (5-8 ).  Recently, these 
properties were also studied in polymers and other organic compounds  (9-11).  
In the present work,  heats of solution for all the Schiff bases were 
determined at different temperatures (25-45°C) in DMF and 1,4-dioxane. 
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The solvents used for the measurements were purif ied and fractionally 
distilled prior to use by the method reported in the literature  (12). All the Schiff 
bases were recrystallized. The solubility of each S chiff base was determined 
by transferring 25 ml of saturated solution into a pre -weighted 50 ml beaker. 
The weight of beaker along with solution was taken and the solvent was 
evaporated to dryness till constan t weight is obtained. This gives  weight of 
solute present in 25 ml saturated solution. Three replicate measurements 
were carried out at a particul ar temperature and average value of weight was 
determined. The experiment was repeated at other temperatures also.  
Subtraction of weight of solute from the weight of solution gives the weight of 
solvent in 25 ml saturated solution. Finally, the moles of so lute and solvent 
were determined in one liter of saturated solution. 
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The solubility (N2) of Schiff bases in DMF and 1,4-dioxane at 
different temperatures are given in Tables 4.1 and 4.2. It is evident from 
Tables 4.1 and 4.2 that solubility of GKS and VKS schiff bases increases 
with temperature in both the solvents. In DMF, the order of solubility is 
GKS-2>GKS-1>GKS-4>GKS-3 and VKS-1>VKS-2>VKS-3>VKS-4. In 
1,4-dioxane also, the same order is observed except GKS-1, which could 
not be studied due to its poor solubility in 1,4-dioxane. Further, solubility 
is greater in 1,4-dioxane than in DMF. Thus, we can say that the polarity 
of solvent plays an important role on the solubility of schiff bases 
studied. 
The variation of solubility with temperature is given b y: 
[(ln N2) / T] P = HS / RT2  ------------- (4.1) 
where N2 is the solubility or mole fraction, T is temperature, HS is the heat of 
solution and R is gas constant.  Integration of equation (4.1) between  
temperature limits from T and Tm gives: 
ln N2 = HS  / R [(T- Tm) / T.Tm]  -------------(4.2) 
where T and Tm are the temperature of the experiment and melting  
temperature of the schiff bases. Figure s 4.1 and 4.2 show the variation of ln 
N2 with 1/T for all the Schiff bases. 
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Table 4.1. The solubility and heat of solution of GKS schiff bases in DMF   
and 1-4,dioxane at  different temperatures. 
 
 
 
 
 
Temp 
C 
N2 
.103 
Hs 
K.cal/mol 
N2 
.103 
Hs 
K.cal/mol 
               GKS-1 + DMF                GKS -2+DMF 
25 4.1336 8.9820 4.6674 9.9933 
35 4.2417 9.8210 4.9890 10.9910 
45 4.3817 10.753 5.0480 12.2730 
                GKS -3+DMF                GKS -4+DMF 
25 1.8500 9.4284 2.0822 11.7290 
35 1.9563 10.1824 2.1456 13.0305 
45 2.0362 11.0435 2.1976 14.5631 
 GKS-1+1,4- dioxane GKS-2+1,4- dioxane 
25 - - 5.3309 9.7460 
35 - - 5.6479 10.7346 
45 - - 6.0603 11.8503 
 GKS-3+1,4- dioxane GKS-4+1,4- dioxane 
25 1.5167 9.7191 2.1424 11.6747 
35 1.9788 10.1734 2.5347 12.6752 
45 2.2374 10.8642 2.6679 14.1030 
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Table 4.2.  The solubility and heat of solution of VKS schiff bases  in DMF 
and 1-4,dioxane at different temperatures. 
     
Temp 
C 
N2 
.103 
Hs 
K.cal/mol 
N2 
.103 
Hs 
K.cal/mol 
                VKS-1+DMF                VKS-2+DMF 
25 7.7211 10.476 6.8919 10.455 
35 8.0320 11.528 7.0134 11.775 
45 8.1480 13.434 7.3948 13.267 
                VKS-3+DMF                VKS-4+DMF 
25 5.1644 14.3157 4.6162 11.029 
35 5.3685 16.699 4.7199 13.304 
45 5.4906 19.892 4.8352 13.978 
 VKS-1+1,4-dioxane VKS-2+1,4-dioxane 
25 9.1232 10.117 7.9022 10.169 
35 9.5506 11.360 8.2931 11.377 
45 9.8499 12.903 8.5266 12.882 
 VKS-3+1,4- dioxane VKS-4+1,4- dioxane 
25 5.9600 13.926 5.3796 10.715 
35 6.1826 16.248 5.5348 12.908 
45 6.3675 19.325 5.6467 13.571 
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Figure 4.1.  The variation of ln N2 with 1/T for GKS bases in (A) DMF and (B) 
1,4-dioxane.  
(A)
-6.5
-6
-5.5
-5
3.1 3.2 3.3 3.4
1/T 10
In
 N
GKS-1
GKS-2
GKS-3
GKS-4
              
          
(B)
-6.5
-6
-5.5
-5
-4.5
3.1 3.2 3.3 3.4
1/T 10
ln
 N
GKS-2
GKS-3
GKS-4
 
 90 
   Figure 4.2.  The variation of ln N2 with 1/T for VKS bases in (A) DMF and 
(B) 1,4-Dioxane. 
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 From the plots, melting temperature of S chiff bases were calculated 
and are given in Table 4.3 along with experimental values determined by 
open capillary method. The melting points measured by DSC and DTA are 
also given in Table 4.3. Comparison of the melting  points calculated by 
different methods show that there is a good agreement between melting  
points determined by open capillary method and that calcul ated from 
DSC/DTA, for all the Schiff bases except VKS -4. However, discrepancies are 
observed between values calculated from eq. (4.2) in DMF and 1,4 -dioxane 
and values determined by open capillary method. The deviation in DMF is 
greater than that in 1,4 -dioxane. In most cases, there is good agreement 
between the experimental and calculated melting points.             
The calculated values of heat of  solution from eq. 4.2 for all S chiff 
bases in DMF and 1,4 -dioxane are also reported in Table s 4.1 and 4.2. It is 
observed that values of heat of sol ution are positive for all the S chiff bases 
indicating thereby endothermic behavior of these bases in both the solvents. 
The heat of solution increases with temperature in both the solvents for all 
bases indicating the increase in endothermic behavior of these bases with 
temperature.  
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 Table 4.3.   The melting points (M.P.) of schiff bases. 
 
 Could not be measured. 
 
 
 
 
 
 
 
 
 
Comp. Code 
 
Experimental 
M.P. 
From open 
capillary method 
C. 
 
M.P.from 
DSC/DTA 
C. 
M.P. from eq. (2) 
C 
DMF/1,4-Dioxane.  
 
GKS-1 
GKS-2 
194 
163 
211/210 
175/179 
247/  
210/182 
GKS-3 216 211/214 213/257 
GKS-4 159 154/162 240/205 
VKS-1 138 127/138 221/202 
VKS-2 142 141/141 213/198 
VKS-3 108  /206 237/219 
VKS-4 148 163/170 238/213 
 90 
 
1. S.Glasstone, Thermodynamics For Chemists. 
2.   Y.C.Wu and H.L. Friedem, J.Phys.Chem., 70 , 2020  (1966). 
3. R. De.Lisi, G. Lazzara, S. Milioto and N. Muratore, Phys. Chem. Chem               
Phys., 5084,142 (2003).            
4. S.Senkov, A.H. Roux and G.Rou x-Desgranges, Phys. Chem. Chem. Phys.,  6, 822 
(2004). 
5. Thermal Properties of Aqueous Uni -univalent Electrolytes. Washing ton, D.C: U.S. 
Govt. Pint. Off., (1965).   
6.   R.P.Held and C.M.Criss, J.Phys.Chem., 69, 2611 (1965).  
7.   S.Ichiguro, B.J. Zkova and H.Ohtaki, Bull.Chem.Soc.Jap.,  58 , 1749  (1985). 
8.   Criss and Millero, J.Phys.Chem., 25, 1288  (1996). 
9.  M.Khizkowsk, Fl uid Phase Equi., 42,269 (1988). 
10.  P.H.Parsania, Asian J.Chem., 5, 312 (1993). 
11.  Andrew W. Hakin, Jin L. Liu, Meghan O'Shea and B.Zorzetti, Phys Chem. Chem. 
            Phys ., 4, 2653 (2003).        
   
 
 
 
 
     
 
 
 
  
 
 
 
 
 
 
 
 
 
 
CHAPTER - 5 
CONDUCTANCE 
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Conductance measurements have been used for the determination of 
equilibrium constants, degree of hydrolysis, solubility products, dissociation 
constants, and other properties of electrolyte solutions. This technique is also 
used for determining the ioni zation constant of weak electrolytes, relative  
strengths of the two weak acids or bases, solubility of sparingly soluble salts, 
basicity of organic acids, rates of reactions that proceed with the formation or 
disappearance of ions, in titration of solution s, and to study the interionic 
forces. 
Literature survey shows that conductance of many inorganic and  
organic compounds have been measured in aqueous (1-12) and non-aqueous 
solvents (13-21). However, data was not available for schiff bases. Recently, 
conductances of some Schiff bases in DMF and DMSO have  been measured 
at different temperatures by Grzeszcuk and Bator  (22). Further, in our  
laboratory, some conductance measurements have been done for Schiff 
bases (23,24). 
In the present work, conductance of Sc hiff bases are measured in 
dimethylformamide (DMF) and dimethylsulfoxide (DMSO) solutions at a  
definite temperature. The selection of these two solvent s (DMF and DMSO) 
is due to their dipolar aprotic characteristics, which avoid any proton  
interference with the conductivity of complex systems  (25). The solubility  
restriction does not allow the study characterization of transport properties 
over a wide range of dielectric constants.  
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All the solvents used were distilled prior to use. The solutions of  
different concentrations were prepared for each Schiff base in DMF and  
DMSO and the conductance of each solution was measured by using  
Systronics Conductivity Meter (Model No. 306) having cell constant 0.85 cm -1  
at 350C. The conductance of each solution was co rrected by subtracting the 
conductance of pure solvent. The measurements could not be done in 1 , 4-
dioxane due to poor conductance in this solvent. 
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  The measured conductance of each solution after correction , was used 
to determine the specific conduc tance C, which is then used for the  
calculation of equivalent conductance C. The equations used for calculating 
specific conductance (C) and equivalent conductance (C) are:     
         C =.                   ----- (5.1) 
  C =1000C/c                            ----- (5.2) 
where  is the measured conductance ,  is the cell constant and c is the 
concentration (g.equi/lit) of the solution. 
The equivalent conductance of all Schiff bases in DMF and DMSO at 35  
C, are reported in Tables 5.1 and 5.2 along with measured conductance. In 
DMSO, the relatively low conductivities are due to greater electro relaxation 
effect owing to the higher permittivity of DMSO, which con tributes interionic 
repulsions to a larger extent (26). It is observed that for all the systems studied, 
conductance increases with concentration. The equivalent conductance  (c) 
is plotted against c for all Schiff bases and  is shown in Figures 5.1 and 5.2 at 
35C.  It is obvious from Figures that all Schiff bases behave as weak  
electrolytes. For GKS Schiff bases, the equivalent conductance  increases in 
DMF and DMSO  uninterruptedly with decreasing concentration. Fi9gure 5.1 
except GKS-2 increases with dilution then it decreases a little.  This typical 
behaviour of GKS-2 can be explained in terms of specific salvation character 
similarly behaviour was observed by Singh et al. (8)  For most of  the systems, 
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Table 5.1.  The conductance (k) and equivalent conductance (lc) of GKS Schiff bases in DMF and  
                     DMSO at 35 °C. 
Conc. 
C. 
g.eq. / lit  
k.105 
W  -1 
 
lc 
cm2/W. Equiv  
 
k.105 
W -1 
 
lc 
cm2/W. equiv 
 
k.105 
W -1 
 
lc 
cm2/W . equiv 
 
k.105 
W -1 
 
lc 
cm2/W. equiv 
 
DMF 
              GKS-1           GKS-2  GKS-3            GKS-4  
0.000 1.70 - 1.70 - 1.70 - 1.70 - 
0.002 2.17 1.9975 1.83 0.5525 2.16 1.9550 2.04 1.4450 
0.004 2.48 1.6575 2.11 0.8712 2.31 1.2962 2.15 0.9562 
0.006 2.74 1.4733 2.14 0.6233 2.53 1.1758 2.61 1.2891 
0.008 2.98 1.3600 2.49 0.8393 2.69 1.0518 2.73 1.0943 
0.010 3.36 1.4110 2.51 0.6885 2.75 0.8925 3.19 1.2665 
0.020 3.49 0.7522 2.55 0.3612 2.97 0.5397 3.25 0.6587 
0.040 3.64 0.4122 2.59 0.1891 3.06 0.2890 3.48 0.3782 
0.060 3.75 0.2904 2.70 0.1416 3.25 0.2195 3.84 0.3031 
0.080 3.98 0.2422 2.73 0.1094 3.48 0.1891 4.19 0.2645 
0.100 4.11 0.2048 2.75 0.0892 3.62 0.1632 4.52 0.2397 
DMSO 
0.000 1.05 - 1.05 - 1.05 - 1.05 - 
0.002 1.24 0.8075 1.32 1.1475 1.20 0.6375 1.42 1.5725 
0.004 1.39 0.7225 1.40 0.7437 1.30 0.5312 1.53 1.0200 
0.006 1.41 0.5100 1.58 0.7508 1.35 0.4250 1.60 0.7791 
0.008 1.54 0.5206 1.71 0.7012 1.41 0.3825 1.75 0.7437 
0.010    1.66 0.5185 1.83 0.6630 1.54 0.4165 1.84 0.6715 
0.020 1.75 0.2975 2.03 0.4165 1.60 0.2337 1.96 0.3867 
0.040 1.83 0.1657 2.21 0.2465 1.75 0.1487 2.06 0.2146 
0.060 1.98 0.1317 2.35 0.1841 1.79 0.1048 2.10 0.1487 
0.080 2.01 0.1020 2.53 0.1572 1.80 0.0796 2.25 0.1275 
0.100 2.13 0.0918 2.75 0.1445 1.83 0.0663 2.46 0.1198 
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              Table 5.2. The conductance (k) and equivalent conductance (lc) of VKS Schiff bases in DMF and DMSO at 35 °C. 
 
  Conc. 
C. 
g.eq. / lit 
k.105 
W -1 
 
lc 
cm2/W. equiv 
 
k.105 
W -1 
lc 
cm2/W. equiv 
 
k.105 
W -1 
 
lc 
cm2/W. equiv 
 
k.105 
W -1 
 
lc 
cm2/W. 
equiv 
 
                                                                                          DMF 
 VKS-1 VKS-2 VKS-3 VKS-4 
0.000 1.70 - 1.70 - 1.70 - 1.70 - 
0.002 2.05 1.4875 1.84 0.5950 1.96 1.1050 2.10 1.7000 
0.004 2.12 0.8925 1.90 0.4250 2.24 1.1475 2.41 1.5087 
0.006 2.25 1.2834 2.06 0.5100 2.29 0.8358 2.66 1.3600 
0.008 3.30 0.6375 2.12 0.4462 2.60 0.9562 2.97 1.3493 
0.010 3.51 0.6885 2.75 0.8755 3.02 1.1220 3.23 1.3005 
0.020 3.55 0.3612 2.81 0.4717 3.23 0.6502 3.48 0.7565 
0.040 3.85 0.2443 3.08 0.2932 3.64 0.4125 4.01 0.4908 
0.060 3.28 0.2238 3.28 0.2238 4.02 0.3286 4.41 0.3839 
0.080 3.61 0.1891 3.51 0.1923 4.25 0.2709 4.98 0.3485 
0.100 4.48 0.1623 3.41 0.1453 4.71 0.2558 5.28 0.3043 
    DMSO     
0.000 1.05 - 1.05 - 1.05 - 1.05 - 
0.002 1.48 1.8275 1.26 0.8925 1.47 1.7850 1.71 2.8050 
0.004 1.73 1.4450 1.47 0.8925 1.55 1.0625 1.91 1.8275 
0.006 1.97 1.3033 1.73 0.9633 1.81 1.0766 2.19 1.6150 
0.008 2.13 1.1475 1.91 0.9137 2.07 1.0837 2.31 1.3587 
0.010 2.25 1.0200 2.12 0.9093 2.30 1.0625 2.46 1.1985 
0.020 2.35 0.5525 2.33 0.5440 2.59 0.6545 2.77 0.7310 
0.040 2.57 0.3230 2.50 0.3081 2.78 0.3676 2.98 0.4101 
0.060 2.69 0.2323 2.61 0.2210 2.96 0.2705 3.16 0.2989 
0.080 2.74 0.1795 2.65 0.1700 3.03 0.2103 3.25 0.2337 
0.100 2.77 0.1462 2.74 0.1436 3.24 0.1865 3.47 0.2057 
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the equivalent conductance increased uninterruptedly with decreasing  
concentration in both DMF and DMSO solvents. 
Figures 5.1 and 5.2 show  the following order of C in both DMF and DMSO   
solvents: 
 
In DMF   :  GKS-1>GKS-3>GKS-4>GKS-2 
                  VKS-4>VKS-1>VKS-3>VKS-2. 
In DMSO:  GKS-2>GKS-4>GKS-1>GKS-3. 
                  VKS-4> VKS-1>VKS-3>VKS-2. 
For weak electrolytes, the equivalent conductance at infinite dilution ( 0) 
can not be calculated by extra polation of C verses c plots. However, we have 
tried to determine 0 values, by extrapolation of the plot of   C verses c. These 
0 values are given in Table 5.3. For weak electrolytes, an alternative procedure  
(8), can be used to calculate 0 values.  
In this procedure, 0 is related to conductivity by using the equation: 
  = 0 + 0 c+ c (c)      ----- (5.3) 
where  and 0 are the electrolytic conductivities of the solutions and solvent 
respectively. c is the equivalent concentration and the function (c) denotes the 
effect of interionic interactions. The limiting conductivity (0) can be determined 
accurately from the slope, d/dc of the plot of  verses c, provided other 
derivatives (d0/dc and d[c(c)]/dc) in the differential form of equation (5.3) is  
 105 
  Figure.5.1    The variation of equivalent conductance ( c) with c for GKS   
Schiff bases in (A) DMF and (B) DMSO at 35 C. 
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         Figure 5.2   The variation of equivalent conductance ( c) with c for  
                               VKS Schiff bases  in (A)  DMF and (B) DMSO at 35 C. 
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Considerable inter ionic interactions are present in all the systems over the 
wide range of con centrations studied. So, the derivative d[c (c)]/dc cannot be 
ignored in comparison to  0. Despite these restrictions, limiting equivalent  
conductivities were evaluated from the limiting slope o f small linear portions of  
verses c curve, assuming that the interionic interactions in this range of  
concentration are limited. Figure s 5.3 and 5.4 show  the concentration  
dependence of conductance for bases in DMF and DMSO  at 350C. It is clear from 
the figures that in lower concentration range i.e., up to 0.01M; conductance varies 
almost linearly with concentration for all the bases. At higher concentrations (> 
0.01 M), the increase in conductance with concentration is non linear. For all the 
systems, the 0 values were calculated from line ar portion of  verses c at lower 
concentration range and are given in Table 5.3. It is evident from Table 5.3  that   
the 0 values calculated from C verses c plots are quite different than those 
calculated from equation (5.3). Thus, the accuracy of the evaluated 0 values 
from equation (5.3) is questionable and further corrections are needed. Thus, for 
all these Schiff bases, equation (5.3) is not valid for the evaluation of 0.   
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Figure 5.3.   The variation of conductance () with concentration for GKS Schiff 
bases in  (A) DMF and (B) DMSO at 35 C. 
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Figure 5.4.   The variation of conductance () with concentration for VKS Schiff 
bases in (A) DMF and (B) DMSO at 35 C. 
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Table 5.3.  The limiting equivalent conductance (0) of all the Schiff bases in 
DMF and DMSO at 35C. 
      
   
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
Compound 
code 
0 cm2/.equiv. 
cal. by eq. (5.3) 
0 
cm2/.equiv. 
0 cm2/.equiv. 
cal. by eq. (5.3) 
0 
cm2/.equiv. 
 DMF DMSO 
 
GKS-1 
GKS-2 
GKS-3 
GKS-4 
VKS-1 
VKS-2 
VKS-3 
VKS-4 
 
1.45 
0.95 
0.92 
1.44 
0.62 
0.45 
1.27 
0.94 
 
 
- 
- 
- 
1.42 
- 
1.36 
1.46 
2.20 
 
1.58 
1.56 
0.28 
0.55 
1.22 
1.26 
1.02 
1.00 
 
 
1.20 
1.24 
1.00 
- 
2.70 
2.13 
  1.05 
         0.80 
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CHAPTER - 6 
DISSOCIATION CONSTANTS  
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The term ionization constant means those constant, which are used to 
measure the strength of acid and bases. They are often  known as 
dissociation constants. 
The dissociation or acidity constant is determined by determining one 
of the species, at equilibr ium. The activity or concentration of others can be 
calculated from the amount of the acid or base initially introduced and the 
stoichiometry of the acid base equilibrium. As the equilibrium is highly mobile, 
physical methods, which do not disturb the equi librium, are preferred for the 
determination of the equilibrium concentration of the species present. For the 
measurement of dissociation constant, various methods have been  
developed (1), such as: (i) potentiometry including pH metry (ii)  
spectrophotometry, (iii) conductometry, (iv) solubility measurements (2), (v) 
cryoscopy (3),  (vi) measurement of the relative distribution of an acid between 
two immiscible solvents (4) (vii) measurements of the rates of acid catalyzed 
hydrolysis of esters  (5),  and (viii)  magnetic measurements which under  
favorable conditions allow values to be quoted with a precision of + 0.001 in 
pK unit. 
For weak acids, the electrical conductance method is useful. However, 
this method does not give accurate results due to contamination  of carbon 
dioxide. Further, this method is more time consuming  (6). The 
spectrophotometric technique is mostly used for systems in which at least one 
of the species at equilibrium absorbs characteristically in the ultraviolet or 
visible region and the rele vant ionic species show absorption maxima at 
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different wavelengths. However, this method is also more time consuming. 
Potentiometery is less time consuming. So, it is mostly used for the  
determination of dissociation constants of acids whose pKa falls in the range 
of 2-11 units (6). The calomel and glass electrodes are used for the  
measurement, Carbonate free potassium hydroxide is the best alkali titrant. 
The potential generated by the hydrogen ions in the solution of an acid 
in a given medium is measured by an electronic potentiometer. Such sets , 
when used for measuring pH are to be standardized. The relationship  
between the potential of glass electrode and the pH of the solution has the 
general form: 
-log [H+] = pH = E0 - Ec / 0.0591 at 25 °C. 
where E0 is the observed potential and Ec is the potential of the calomel 
electrode. All these terms in above equation changes with time. So, it must be 
calibrated before and after use with a pair of known buffers, the pH of one of 
which must lie near to the pH region to be measured. The correctness of the 
results depends upon the exactness of the calibration of pH -meter.  
The pH metric methods measure directly the activity of the hydrogen 
ion. By pH metry, one can get reliable values of acidity constant. But there ar e 
certain difficulties in mixed aqueous media and non -aqueous media. These 
pertain to both the method of measurement and the interpretation of  
measurement. 
When the substance is too insoluble for conductance or potentiometric 
methods and when spectrophotom etric technique can not be used, solubility 
method can be used which is not very accurate.  
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The measurement of dissociation constant helps in deteriminating  the 
nature of functional groups by simple comparison of acidity constant of  
unknown compound with th ose of known compounds. The comparisons must 
be made on the basis of acidity constants obtained under same conditions of 
temperature and solvent. The knowledge of formation constant helps in  
deciding the pH range in which the substance is least ionized the  thereby, 
indicating the conditions under which the substance can be obtained in  
maximum yield. The determination of dissociation or formation constant also 
provide useful information regarding structure tautomeric equilibria, solvent -
solute interactions etc. (7 ). 
Generally, formation constant and other thermodynamic properties of 
water-insoluble compounds are measured in purely non -aqueous organic 
solvent or in a mixture of two solvents, one of which may be water. A solvent 
mixture containing water and wat er-miscible organic solvent is known as 
mixed aqueous medium. A number of work has been don e in non-aqueous 
and mixed-aqueous media (8-13). 
Literature survey shows that many workers measured the dissociation 
constants of various organic acids (14-17). The formation constants of butyric, 
cis- and trans crotonic acids were also determined in water -ethanol and water-
dioxane media (18). Various dibasic acids have  also been studied in mixed 
solvents (19-21). The ionization of some  acids has been determined by  
potentiometry and results have been compared with those de termined by 
other methods (21,23). The determination of pK and log K values at various 
percentages of dioxane-water or methanol -water mixtures has been made by 
a number of workers  (24,25). Meshram (26) expressed the dissociation constant 
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of some acids as a function of dielectric constant of the bulk solvent.  Paabo 
and Coworkers (27) introduced a quantity called the basicity effect in their study 
of dissociation equilibrium. Ohtaki  (28) showed the solve nt effect on the  
dissociation of ammonium and pyridinium ions.  Formation constant of many 
ligands have been reported (29,30). Potentiometric investigation of Schiff bases 
equilibria involving salicyladehyde and tridentate  a-amino acids have been  
studied (31).  Rengaraj et al. and others  determined formation constant of some 
Schiff bases and their metal complexes (32,33). Khobragade and Narwade (34) 
have investigated the metal -ligand stability constant of UO 2 (ll) and Cu (ll) 
complexes with some substituted sulphonic acids. Narwade et al. (35) studied 
the interaction of Fe (ll) with substituted chalconae at 0.1M ionic strength 
potentiometrically. Gudadhe et al. , (36 ) investigated proton-ligand and metal 
ligand stability constant of Th  (lV) with some substitut ed pyrazolines.  The 
formation and stability constants of some other compounds and complexes 
have also been studied (37, 38).   
In the present work, the dissociation constants of some Schiff bases 
are studied in 1,4- dioxane-water mixture at 35 °C. 
 
  116 
 
          The chemicals used were of B.D.H Analar grade. All solutions used for  
the titration are prepared using distilled water. Following are the  
concentrations of the solutions used for the titration. 
Solutions     Concentration (M) 
Nitric acid     0.1 
Sodium hydroxide               0.5, 0.1 
Sodium nitrate    1.0 
Schiff base (in 1 ,4-dioxane)           0.1 
Nitric acid and Sodium hydroxide were standardized by titrating with 
0.1 N NaOH and 0.05 M succinic acid solution respectively. 
  The 1,4-dioxane used was  of S. Merck and was purified by the  
method(39 ) .    
The buffer solutions used for the calibration of pH meter were 0.05 M 
potassium hydrogen phthalate buffer and 0.01 M Borax buffer. 
 A systronic pH meter (Model No. EQ 664) with a glass electrode (as 
indicating electrode) and a saturated calomel electrode  (as a reference 
electrode) was used for the pH determination . Before operation, the glass 
electrode was immersed in 0.1 M HCl for twenty minutes.  Then , it was 
washed thoroughly with distilled water. Bef ore starting the pH titration, the pH 
meter was calibrated with buffer solution of known pH.   
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Calvin Bjerrum pH titration: 
The following sets of mixtures were prepared for titration:  
    (I)  0.8 ml HNO 3 (0.1M) + 5.2 ml water + 30.0 ml dioxane + 4.0   ml 
NaNO3  (1.0 M).  
    (ii)  0.8 ml HNO3 (0.1M) + 5.2 ml water + 28.0 ml dioxane + 2.0 ml ligand 
solution (0.1M) + 4.0 ml NaNO3 (1.0 M). 
Thus, total volume (V°) in each set = 40.0 ml and 
1,4-dioxane: water ratio 60:40 (v/v). 
        The above mentioned soluti ons were allowed to  attain a constant  
temperature (350C) and then titrated against standard NaOH solution (0.5 M) 
under an inert atmosphere of nitrogen.  The change in the pH of the solution 
with each addition of alkali was recorded are given in Tables 6 .1 to 6.3. 
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The ligands studied in the present work are Schiff bases, which are of 
one general type: HL. Thus, the equilibria are, 
L + H « HL 
In general, these equations can be represented as: 
         LHj-1  + H « LHj 
All these equilibria are governed by i ts equilibrium constant. 
        TKjH = [LHj] / {[ LHj-1] [H]}          ----- (6.1) 
TKj H is called the j th thermodynamic proton-ligand stability constant and 
is reciprocal of the thermodynamic dissociation constant of the acid LH j  
dissociating as: 
LHj = LH j-1 + H 
 The overall thermodynamic proton-ligand stability constant bj H is given 
by: 
TbjH = [LHj] / [L].[H]j            ----- (6.2) 
and it refers to the reaction: 
L + JH « LHj 
The stoichiometric proton-ligand stability constant is given by: 
KjH = [LHj ] / [LHj-1].[H]       ----- (6.3) 
and           
  bjH = [LHj] / [L].[H]j            ----- (6.4) 
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It is difficult to determine these thermodynamic constants in the  
systems where several complexes coexist. So, an inert electrolyte is used to 
determine the formation constant in a particular salt medium. 
Rossotti and Rossotti  (40) explained the choice of a suitable salt  
medium and limitation of the constant ionic medium. Sodium nitrate is most 
frequently used supporting electrolyte because of very slight complexing  
tendency of nitrate ion. Generally, the competition between nitrate ion and the 
ligand under study is of minor importance. Throughout the subsequent  
treatment, molar concentrations are used in place of activities. 
For the determination of dissociation const ants, Bjerrum  (41) introduced 
a relation for the determination of ñH, which is defined as average number of 
hydrogen bound to each ligand.  
ñH = {K1H [H] + 2K1 H K2H [H]2  + .....JK1 H K2 H [H] ... K jH [H]j} / {1 + 
              K1 H [H] +  K1H K2H [H]2  + ..... K1H K2H ..... KjH [H]j       ----- (6.5) 
From equation (6.4), we can write 
            ñH = S j bjH [H]j / S bjH [H]j    ; (b0H = 1)            ----- (6.6) 
Equation (6.6) is called Bjerrum formation function of the system. 
The determination of dissociation  or formation constants from  
experimental data comprises the following three steps. 
   1.  Evaluation of formation curve of the system 
   2.  Calculation of stoichiometric K`s of the system by direct solution 
of the formation function.    
   3.  Conversion of stoichiometric constants into thermodynamic  
constants. 
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The pH-metric method introduced by Bjerrum  (41 )   for systems involving 
a ligand which is  a conjugated base of weak acid was used. This method is 
known as "Bjerrum -Calvin pH titration technique". In this method,  
concentration of H+ ions is measured potentiometrically using different pH  
electrodes, predominantly glass electrode, and the titration technique allows a 
large amount of data to be obtained in a short period of time. However, in 
Irving and Rossotti method (42) , it is not necessary to convert the pH -meter 
reading in to stochiometric hydrogen ion concentration. Further, i t is not  
necessary to know the stochiometric concentration of neutral salt added to 
maintain the ionic strength constant an d this method is valid for both pure 
water and for the mixed solvents. Due to these advantages, this method is 
used in the present work. 
 In the Irving and Rossotti method (42) the pH -meter is standardized  
using an  aqueous buffer and the meter reading B i s plotted against volume of 
alkali used to titrate:  
(1)     A mixture containing a mineral acid, a chelating agent and a 
neutral electrolyte to keep ionic strength constant. 
(2)       A mixture same as above but without the chelating agent. 
    The possible hydrolysis reactions are ignored because (i) fresh reagent 
solutions were used in pH titrations (ii) titration times were of the order of one 
hour (iii) there were no observable drifts with time in the meter readings and 
(v) the concentrations of the mineral acid or alkali in the solutions were small.  
After each addition of standard alkali, the pH meter reading B is noted 
using a glass electrode -saturated calomel electrode combination. The same 
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total initial volume of the mixture is used both titrations at the same constant 
temperature under an inert atmosphere of nitrogen. Further, in both titrations,  
same standard alkali is used.  
The titration curves obtained in the above two titrations are designated 
as the reagent or ligand titration curve and the aci d titration curve  
respectively. For the same volume of alkali, the reagent titration would show a 
lower pH than the acid titration, if the solution contains more titratable  
hydrogen ions as would be the case when chelating agent is an acid. 
The use of a pH -meter calibrated with an aqueous buffer is restricted 
to aqueous solutions. However, for the mixed aqueous media, especially 
aqueous dioxane solutions, Van Uitert and Haas  (43) gave a relation between 
the glass electrode reading B in dioxane -water medium and the stoichiometric 
hydrogen ion concentration of the same in mixture of varied composition and 
ionic strength. They reported the relation: 
 - log [H] = B + log f + log U0 H                  ----- (6.7) 
 where f is the activity coefficient of the hydroge n ions in the solvent mixture 
under consideration at the same temperature and ionic strength, and U 0 H  is a  
correction  factor  at  zero ionic strength,  which depends only on the solvent 
composition and temperature. U0H is taken as unity in aqueous media . The 
values of U0 H and f are reported in literature  (43 ). The meter reading in any 
aqueous dioxane solution can, therefore, be converted into hydrogen ion  
concentration using equation (6 .7), provided that correction factor for the  
appropriate solvent, salt medium, and temperature, has been determined. 
Equation (6.7) can be written as 
  122 
                  1/ antilog B = [H] f U 0H          ----- (6.8)                      
            \ [H] = 1/ f U0H . [1/antilog B]    ----- (6.9) 
Substituting for [H] in equation (6.5) we get, 
nH =(K1H/f U0H)[1/antilog B] +....+ ((JK 1 H K2H...KJH) /(f U0H)J)[1/antilog 
B]J/(1+K1H/f U0H))[1/antilog B]+..+((K1HK2H...KJH)/(f U0H)J)[1/antilogB] --- (6.10) 
KjH = f U0 H . pKjH              ----- (6.11) 
bjH = f U0H . pbjH               ----- (6.12) 
 The proton-ligand stability constant  (42) pKjH can be obtained by the 
following methods: 1. Interpolation at half n H values: log K1 = (ñH)0.5,  2. Mid 
point slope method, 3. The least squre method (44 ). 
In the present study, we have used only in terpolation method and point 
wise calculation for the determination of dissociation constants.  
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The titration curves obtained in the above two titrations are designated 
as the acid titration curve and ligand or reagent titration curve respectively. 
The plots between volume of Na OH and pH of the solution were used to 
determine the proton -ligand formation numbers and evaluate the proton -
ligand stability constants of the ligands. The  titration curves  for GKS -2 and 
GKS-3 are shown in Figure 6.1 and for VKS-1 and VKS-2 are shown in Figure 
6.2. 
It is observed from these figures that for the same volume of alkali, the 
reagent titration curve would show a lower pH than the acid titration.  
From the acid titration curve and ligand titration curve, the average  
number of protons associated with the ligand ( ñH) can be calculated by the 
equation given by Irving and Rossotti (42): 
ñH= Y - {(V˜ -V˜ ) (N0 + E0)} / {(V0 + V˜ ) T0L}    ----- (6.13) 
 where Y is number of displaceable protons per ligand molecule. For all the 
Schiff bases, Y is taken as one . V’ and V” are the volume of alkali required at 
the same pH for both acid and ligand titration cu rves respectively. V0  is the 
initial volume of test solution. N0, E0 and T0L are the initial concentration of the 
alkali, acid and ligand respectively.    
The values of ñH for GKS and VKS Schiff bases along with are given in  
Tables 6.1 and 6.2 respectively. The general plots for the variation of ñH with 
B are shown in Figure 6.3 for GKS-2 and GKS-3 and Figure 6.4 for VKS-1 
and VKS-2 respectively. It is evident from Tables and Figures that ñH values  
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Figure 6.1 The plot of pH meter reading (B) against NaOH for (A) GKS-2 nd   
(B) GKS-3 at 35 °C. 
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     Figure 6.2.  The plot of pH meter reading (B) against NaOH for (A) VKS -    
1 and  (B)  VKS-2 at 35 °C. 
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Table 6.1.  The pH (B), ñH, log pK1H and other terms for GKS Schiff bases  
           at 35oC. 
B V"-V' V' 
 
ñH 
 
 
log ñH 
/(1- ñH) 
log pK1 H 
GKS-2 
8.0 0.160 0.750 0.6057 0.1865 8.1865 
8.1 0.165 0.755 0.5935 0.1644 8.2644 
8.2 0.180 0.760 0.5566 0.0987 8.2987 
8.3 0.180 0.770 0.5567 0.0989 8.3989 
8.4 0.185 0.775 0.5444 0.0774 8.4774 
8.5 0.190 0.780 0.5322 0.0560 8.5560 
8.6 0.195 0.790 0.5200 0.0348 8.6348 
8.7 0.195 0.800 0.5201 0.0350 8.7350 
8.8 0.195 0.805 0.5202 0.0351 8.8351 
8.9 0.205 0.815 0.4957 -0.0074 8.8925 
9.0 0.210 0.830 0.4836 -0.0284 8.9715 
9.1 0.210 0.840 0.4837 -0.0282 9.0717 
9.2 0.220 0.850 0.4592 -0.0708 9.1291 
9.3 0.230 0.870 0.4349 -0.1135 9.1864 
    Half-integral value:-  log pK1
H =  ñH (0.5)  = 8.65              Average:-   log pK1H = 8.64 
 
 
B V"-V' V' 
 
ñH 
 
 
log ñH 
/(1- ñH) 
log pK1H 
GKS-3 
8.1 0.155 0.755 0.6181 0.2092 8.3092 
8.2 0.170 0.760 0.5812 0.1424 8.3424 
8.3 0.175 0.770 0.5690 0.1207 8.4207 
8.4 0.185 0.775 0.5444 0.0774 8.4774 
8.5 0.200 0.780 0.5076 0.0132 8.5132 
8.6 0.200 0.790 0.5077 0.0134 8.6134 
8.7 0.200 0.800 0.5078 0.0136 8.7136 
8.8 0.210 0.805 0.4832 -0.0290 8.7709 
8.9 0.215 0.815 0.4711 -0.0502 8.8497 
9.0 0.230 0.830 0.4344 -0.1145 8.8854 
  Half-integral value :-   log pK1
H = ñH(0.5) = 8.55             Average:-  log pK1H = 8.58 
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Table 6.1: contd… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B V"-V' V' 
 
ñH 
 
 
log ñH 
/(1- ñH) 
log pK1 H 
GKS-4 
7.0 0.140 0.680 0.6545 -0.5328 6.4671 
7.1 0.145 0.685 0.6421 -0.5375 6.5624 
7.2 0.155 0.690 0.6175 -0.5473 6.6526 
7.3 0.160 0.700 0.6053 -0.5523 6.7476 
7.4 0.165 0.705 0.5930 -0.5576 6.8424 
7.5 0.165 0.715 0.5931 -0.5575 6.9424 
7.6 0.180 0.720 0.5561 -0.5740 7.0259 
7.7 0.195 0.730 0.5193 -0.5920 7.1079 
7.8 0.205 0.735 0.4947 -0.6048 7.1951 
7.9 0.220 0.740 0.4578 -0.6258 7.2741 
8.0 0.270 0.750 0.3347 -0.7144 7.2855 
    Half-integral value :-   log pK1
H =  ñH (0.5)  = 7.60              Average:- log pK1H = 7.05  
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Table 6.2. The pH (B), ñH, log pK1H and other terms for VKS Schiff bases at                    
35oC. 
 
B V"-V' V' 
 
ñH 
 
 
log ñH 
/(1- ñH) 
log pK1H 
VKS-1 
8.5 0.190 0.780 0.5322 0.0560 8.5560 
8.6 0.190 0.790 0.5323 0.0562 8.6562 
8.7 0.195 0.800 0.5201 0.0350 8.7350 
8.8 0.195 0.805 0.5202 0.0351 8.8354 
8.9 0.205 0.815 0.4957 -0.0074 8.8925 
9.0 0.230 0.830 0.4344 -0.1145 8.8854 
9.1 0.240 0.840 0.4099 -0.1580 8.9419 
9.2 0.250 0.850 0.3855 -0.2023 8.9976 
9.3 0.270 0.870 0.3367 -0.2944 9.0055 
9.4 0.290 0.880 0.2877 -0.3935 9.0064 
9.5 0.310 0.890 0.2388 -0.5033 8.9966 
     Half-integral value :-    log pK1H = ñH (0.5) = 8.80            Average:-  log pK1H = 8.83 
 
 
 
 
 
B V"-V' V' 
 
ñH 
 
 
log ñH 
/(1- ñH) 
log pK1H 
VKS-2 
8.5 0.180 0.780 0.5568 0.0991 8.5991 
8.6 0.190 0.790 0.5323 0.0562 8.6562 
8.7 0.190 0.800 0.5324 0.0564 8.7564 
8.8 0.195 0.805 0.5202 0.0351 8.8351 
8.9 0.205 0.815 0.4957 -0.0074 8.8925 
9.0 0.210 0.830 0.4836 -0.0284 8.9715 
9.1 0.220 0.840 0.4591 -0.0711 9.0288 
9.2 0.230 0.850 0.4347 -0.1140 9.0859 
9.3 0.230 0.870 0.4349 -0.1135 9.1864 
9.4 0.320 0.880 0.2140 -0.5647 8.8352 
9.5 0.380 0.890 0.0669 -1.1440 8.3559 
   Half-integral value :-      log pK1
H =  ñH(0.5) = 8.90           Average:- log pK1H = 8.86  
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Table 6.2: contd………… 
B V"-V' V' 
ñH 
 
log ñH 
/(1- ñH) log pK1
H 
VKS-3 
7.5 0.155 0.715 0.6177 0.2085 7.7085 
7.6 0.180 0.720 0.5561 0.098 0 7.6980 
7.7 0.180 0.730 0.5562 0.0982 7.7982 
7.8 0.195 0.735 0.5193 0.0336 7.8336 
7.9 0.200 0.740 0.5071 0.0123 7.9123 
8.0 0.210 0.750 0.4826 -0.0302 7.9697 
8.1 0.225 0.755 0.4457 -0.0946 8.0053 
8.2 0.230 0.760 0.4334 -0.1162 8.0837 
8.3 0.230 0.770 0.4336 -0.1160 8.1839 
8.4 0.245 0.775 0.3967 -0.1820 8.2179 
8.5 0.250 0.780 0.3845 -0.2043 8.2956 
8.6 0.260 0.790 0.3600 -0.2498 8.3501 
8.7 0.260 0.800 0.3601 -0.2495 8.4504 
8.8 0.265 0.805 0.3479 -0.2727 8.5272 
      Half-integral value :-         log pK1
H = ñH(0.5) = 8.05         Average: - log pK1H = 8.07 
 
 
B V"-V' V' ñH 
 
log ñ H 
/(1- ñH) log pK1
H 
VKS-4 
7.5 0.145 0.715 0.6424 0.2544 7.7544 
7.6 0.150 0.720 0.6301 0.2314 7.8314 
7.7 0.150 0.730 0.6302 0.2316 7.9316 
7.8 0.155 0.735 0.6179 0.2088 8.0088 
7.9 0.160 0.740 0.6056 0.1864 8.0864 
8.0 0.170 0.750 0.5811 0.1422 8.1422 
8.1 0.175 0.755 0.5688 0.1204 8.2204 
8.2 0.180 0.760 0.5566 0.0987 8.2987 
8.3 0.180 0.770 0.5567 0.0989 8.3989 
8.4 0.185 0.775 0.5444 0.0774 8.4774 
8.5 0.200 0.780 0.507 6 0.0132 8.5132 
8.6 0.220 0.790 0.4584 -0.0722 8.5277 
8.7 0.220 0.800 0.4586 -0.0720 8.6279 
8.8 0.235 0.805 0.4217 -0.1370 8.6630 
  Half-integral value :-        log pK1
H = ñH (0.5) = 8.45           Average:- log pK1H = 8.31  
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Figure 6.3 The plot of ñ H verses B for  (A) GKS-2 and (B) GKS-3 Schiff  
bases at 35 °C. 
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Figure 6.4 The plot of ñ H verses B for (A)  VKS-1 and  (B) VKS-2 Schiff     
                       bases  at 35 °C. 
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in between zero and one. From Figures 6.3 and 6.4  the log pK1H values for 
ñH=0.5 were evaluated and are given in Tables 6.1 and 6.2. 
The proton-ligand formation constants were obtained by solving  
equation (6.10), which becomes equation (6.14) for all the Schiff bases.  
  ñH + (ñH - 1) pK1 H [1/ antilog B] = 0         ----- (6.14) 
These pK1 H values are in good agreement with the average  pK1H 
values calculated at several B values by the following equation.  
     log pK 1H = B + log [ (ñ H) / (ñH - 1)]       ----- (6.15) 
All these values are reported in Tables 6.1 and 6.2. The plots of log 
[(ñH) / (ñ H -1)] against B are  a straight line and are  shown in Figures 6.5 and 
6.6 for GKS and VKS respectively.    
The comparison of pK1 H values in  GKS series shows that acidity is 
increases in the order: GKS-4 > GKS-3 > GKS-2. GKS-4 shows higher acidic 
character than GKS-2 and GKS -3, which may be due to the presence of 
methoxy group attached to benzene ring in  para position. In VKS series, 
acidity increases in the order: VKS -3 > VKS-4 > VKS-1 > VKS-2. The present  
of two methyl group in VKS -2 decreases the acidic character.  Except VKS-4, 
other three Schiff bases have almost same formation constants. The higher 
acidic nature of VKS-3 may be sulphur containing group. Comparison of VKS-
1 and GKS-4 shows that although both contain 4-amino antipyrine moiety and 
methoxy group, presence of hydroxyl group in vanilline decreases acidity in 
VKS-1 than that of GKS -4. The antipyrine group c ontain N and ketonic  
oxygen which may have tendency to accept hydrogen rather than to donate, 
which may have cause decrease in acidic character of VKS -1 in comparison 
to GKS-4.  Similar observation was reported earlier (45 ).   
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Figure 6.5. The plots of log ñH/(1-ñH ) verses B for  (A) GKS-2 and (B)GKS-3  
                      Schiff bases at 35 °C. 
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Figure 6.6. The plots of log ñ H/(1-ñH) verses B for (A) VKS-1 and (B) VKS-2                  
Schiff bases at 35 °C. 
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CHAPTER - 7 
THERMAL PROPERTIES  
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Thermal analysis is one of the important tool for the study of thermal 
transformation of materials (1,2). Various workers studied thermal properties of 
organic and inorganic materials by different method (2-7 ). 
Various properties of materials , such as: enthalpy, melting 
temperature, specific heat, glass  transition temperature, crystalinity, reaction 
enthalpy, thermal stability, oxidation stability  (8), aging, purity, phase  
transformation, eutectics, polymorphs, product identification etc. can be  
measured. Further, various reversible and non -reversible reactions(9,10), the 
decomposition of a compound at defined conditions, the desorption of  
molecules adsorbed on a surface, phase transitions etc. can also be studied.   
For the study of these thermal behavio ur of materials , various 
techniques such as :  Differential Scanning Calorimet ry (DSC), Differential 
Thermal Analysis (DTA), Thermo gravimetric Analysis (TGA), Evolved Gas 
Detection (EGD), Evolved Gas Analysis (EGA) etc. have been used.  
Differential Scanning Calorimetry (DSC) is a powerful technique that 
measures the energy absorbed or released as a function of time or  
temperature. It provides useful information about crystallinity, stability of  
crystallites, glass transition temperature, kinetic parameters etc.  
In Differential Thermal Analysis  (DTA), difference in temperature  
between a substance and a reference material is recorded against either  
temperature or time as the two specimens are subjected to identical  
temperature regimes in environment heated or  cooled at a controlled heating 
rate. Any transition, which a sample undergoes, will result in absorption or 
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liberation of energy by the sample with a corresponding deviation of its  
temperature from that of the reference. At a particular temperature, when  
sample changes its physical or chemical state, the differential signal appears 
as a peak. These endothermic or exothermic peaks give information about 
melting,crystallization, glass transition temperature, crystalline rearrangement, 
decomposition of the compounds, etc. (11). 
In Thermo Gravimetric Analysis (TGA), weight loss of a sample is  
recorded as a function of  temperature. These are three types of  
therogravimetry :  static or isothermal thermogravimetry, Quasistatic  
thermogravimetry and Dynamic thermogr avimetry. Generally, dynamic  
thermogravimetry is used. In this technique, the sample start losing weight at a 
very slow rate up to a particular temperature and then the rate of weight loss 
becomes large over a narrow range of temperature. After this temper ature, the 
loss in weight levels off. TG A curves are characteristic for a given compound 
because of unique sequence of physicochemical reactions which occur over 
definite temperature ranges and at rates that are a function of molecular  
structure. The chang es in weight are due to rupture and/or formation of 
various physical and chemical changes , which lead to the evolution of volatile 
products or the formation of heavier reaction products (12). TGA is an effective 
technique for studying the thermal stability  of polymers and determining  
various kinetic parameters. 
From TGA curves, various kinetic parameters can be evaluated by  
several methods. In all these methods, it is assumed that thermal and diffusion 
barriers are negligible because small quantity of mater ial is used. The shape of 
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any TGA curve depends on the nature of apparatus and the way in which it is 
used. Further, Arrhenius equation is valid in all these methods. 
   The kinetic treatments are generally based on the relationship of the 
type: 
dC/dt = K f (C)            -----(7.1) 
where C is the degree of conversion, t is time and K is rate constant. f(C) is a 
temperature independent function of C.     
The constant K is assumed to have the Arrhenius form:  
K = A e -E/RT       -----(7.2) 
C  can also be defined as: 
 C = 1-(W/W0)    -----(7.3) 
where W0 and W are the initial weight at  t=0 and weight at any time t of the 
material. 
Equation (7.3) can be written as: 
   (W/W0) = (1-C)      -----(7.4) 
W/ W0 is known as residual weight fraction. 
Thus, the rate of conversion is, 
dC/dt = - (1/W0) (dW/dt)      -----(7.5) 
For homogeneous kinetics, the conversion is assumed to be of the 
form: 
f (C) = (1-C)n           -----(7.6) 
where n is order of the reaction.  
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Substituting the values from equation (7.2) and (7.6) in equa tion (7.1) 
gives: 
dC/ dt = A e -E/RT (1-C)n 
                       or                  dC/dt = (A/b) e -E/RT (1-C)n    -----(7.7) 
where A is the frequency factor, b is the rate of heating and E is the energy of 
activation. 
Various methods for single and mul tiple heating rates have been  
reported (13-17). The methods of single heating rate are as follows: 
1.   Freeman-Carroll (13 ) and Anderson-Freeman Method (14): 
At a single heating rate,  Freeman and Carroll  gave the following  
relation to analysis TGA data : 
ln (dC/dt)/ln (1-C) = n-E/R [(1/T/(Dln(1-C)]    -----(7.8) 
A plot of left hand side against D(1/T)/(Dln(1-C)) gives a straight line 
with a slope equal to -E/R and the intercept is equal to n. 
Anderson and Freeman then derived the following equation by usi ng 
equation (7.8): 
(Dln[dC/dt]) = n (Dln(1-C)) - E/R D(1/T)   -----(7.9) 
The plot of ( Dln[dC/dt]) against (Dln(1-C)) for equal intervals of D(1/T) 
gives a straight line with slope equal to n and intercept -E/RD(1/T). 
2. Sharp-Wentworth method (15 ): 
To analyse the TGA data  for first order kinetics (n=1), Sharp and 
Wentworth gave the relation :  
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log [(dC/dt)/(1-C)] = log (A/b) – (E /2.303R).(1/T)     -----(7.10) 
The plot of log [(dC/dt)/(1 -C)] against 1/T would be a straight line with 
slope equal to - (E/2.303R) and intercept equal to log (A/b). 
3.  Chatterjee Method (16): 
Based on the weight units, the following relation was developed by 
Chatterjee: 
n = [log(dW/dt)1-log(dW/dt)2] / (log W1-log W 2)      -----(7.11) 
where W1 and W2 are the sample weights. 
4.  Horowitz and Metzger method (17)  : 
In this method, the value of energy of activation E can be determined 
from a single TG curve by the relation: 
ln [ln(1-C)-1] = (E/RTs2)q         -----(7.12) 
where q = T-Ts. Ts is the temperature at which the rate of decompos ition is 
maximum. 
The frequency factor A and entropy change DS can be determined by 
the following equations: 
ln E - ln (RTs2) = ln A - lnb  - E/RTs2    -----(7.13) 
         A = (kbT / h) e DS/R        ----(7.14) 
where kb is Boltzmann constant and h is Plan ck's constant.  
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          The Differential scanning calorimetry  (DSC), Differential thermal  
analysis (DTA) and  Thermo gravimetric analysis  (TGA) measurements were 
made on the instrument “Universal V2.6D TA Instruments and METTLER  
TOLEDO STARe System “f or DSC, DTA and TGA  at the heating rate of  
10°C/min in nitrogen atmosphere for all the Schiff bases.  
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The TGA/DTA and DSC  thermograms of all Schiff bases are given in 
Figures 7.1-7.15. The initial decomposition temperature (IDT), the  
decomposition temperature range, % weight loss, temperatures of maximum 
degradation and Exo/Endo transitions observed in DSC and DTA  
thermograms are given in Table 7.1. Further, the experimental melting points 
are also given in Table 7.1 for comparison. 
 It is observed from Table 7.1 that out of all Schiff bases, %  weight loss 
is maximum in GKS -2 and minimum in GKS -1. The % weight loss for GKS 
bases is of the order : GKS -2 > GKS-3 > GKS-4 > GKS-1. For VKS bases , % 
weight loss is  maximum in VKS -1 which is close to VKS-3. Minimum weight 
loss is observed in VKS -4. The % weight loss is of order VKS -1 » VKS-3 > 
VKS-2 > VKS-4.    
For GKS bases, the temperature of maximum degradation is of the 
order : GKS -4 > GKS-2 > GKS-3 > GKS-1. So, GKS-1 is most unstable. For 
VKS bases, the order is : VKS -4 > VKS-3 > VKS-1 > VKS-2. Thus, out of four 
VKS bases, VKS-2 is most unstable. Out of all Schiff bases, VKS -2 is most 
unstable and GKS-4 is most stable. Thus, thermal stability depends upon type 
of substituted group. 
By comparing the substituted groups of different GKS bases, it is  
concluded that the presence of -OCH3 group increases the stability in GKS -4. 
But when –OH groups is also present along with –OCH3 (as in GKS-1), Schiff 
base becomes most unstable. The presence of aryl gr oup (GKS-2) and 
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furfural group (GKS-3) also causes decrease in stability than –OCH3 alone. In 
VKS-4, presence of sulphur containing group causes greater stability than  
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Figure –7.1
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Figure-7.3 
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Figure-7.6  
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Figure-7.15
 160 
other bases. However, when two methyl groups are attached to benzene ring, 
it becomes most unstable (VKS-2). 
Further, the experimentally determined melting po ints are compared 
with those observed by DSC and DTA. Table 7.1 shows that there is good 
agreement between these values except for VKS -3, for which DSC  
measurement could not be taken.  
The kinetic parameters, such as order of the degradation (n), energy of  
activation (E), frequency factor (A) and entropy ( DS) were calculated and are 
given in Table 7.2 . The Sharp -Wentworth plots for GKS and VKS is given in 
Figure7.16. 
It is evident from Table 7.2 that except for GKS -3 and VKS -1, for all 
other bases, the ord er of reaction is greater than one. In GKS series, the 
energy of activation decreases in the following order : GKS -3 > GKS-2 > GKS-
4 > GKS-1. In VKS series, the order is : VKS -4 > VKS-3 > VKS-2 > VKS-1. 
Maximum energy of activation is observed for VKS-4 and minimum for GKS-1. 
The frequency factor (A) is maximum for VKS -3 and minimum for GKS-
4. The entropy for all the bases are found to be positive. The decreasing order 
of entropy for GKS bases is : GKS -4 > GKS-1 > GKS-2 > GKS-3 and for VKS 
bases : VKS-4 > VKS-2 > VKS-1 > VKS-3. The positive entropy indicates that 
the transition state is in less order state.             
Thus, it is concluded that thermal stability depends upon the type of 
substitution. The Exo/Endo transitions below decomposition temperature  
indicated physical change in bases.   
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 Table 7.1 : DSC, TGA and DTA data for Schiff bases
Comp.
code 
Amt. 
Mg. 
IDT 
°C 
Decomp. 
range, 
°C 
% Wt. 
Loss  
Residual 
Wt. loss, 
mg. 
Temp. of 
maximum 
degradation 
Transiti
on 
DSC 
Temp. 
°C 
DTA 
Temp. 
V 
Experimental 
melting point 
°C 
GKS-1 8.13 238.34 238.34-394.16 53.49 4.35 301.97 Exo 
Endo 
201 224 
210 
194 
GKS-2 8.96 220.17 220.17-578.54 13.46 2.35 330.53 Exo 
Endo 
171 324 
179 
163 
GKS-3 12.80 212.38 212.38-587.54 23.17 1.72 312.36 Exo 
Endo 
207 306 
214 
216 
GKS-4 9.93 235.75 235.75-429.21 26.30 2.31 334.43 Exo 
Endo 
144 322 
162 
159 
VKS-1 3.82 233.90 233.90-298.69 45.67 1.89 267.29 Exo 
Endo 
127 - 
137 
138 
VKS-2 3.99 177.41 177.41-219.61 53.17 2.12 198.81 Exo 
Endo 
141 - 
141 
217 
268 
142 
VKS-3 4.87 195.04 195.04-377.71 46.04 2.24 296.53 Exo 
Endo 
- - 
205 
541.19 
108 
VKS-4 5.03 255.25 255.25-326.24 58.97 2.96 306.62 Exo 
Endo 
155 277 
170 
147 
 162 
      
 
           Table 7.2: The kinetic parameters calculated for all the Schiff bases. 
 
Comp. code.       n   E,KJ            A sec -1 DS°, JK-1 
GKS-1           1.63           13.296            7.1072 234.07 
GKS-2           1.45         103.10            17.852             226.81 
GKS-3           1.01        119.96           5.03 x 102        198.80 
GKS-4           1.65        92.647             3.1746            241.22 
VKS-1            1.00        103.48           8.95 x 102          93.19 
VKS-2           1.73        200.17           4.48 x 102            197.96 
VKS-3           1.57         253.23           2.90 x 103           184.02 
VKS-4            1.68         382.94             21.463            230.67 
 163 
 
    Figure 7.1  The Sharp-Wentworth plots for (A) GKS-4 and (B) VKS-3. 
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ACOUSTICAL PROPERTIES 
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          Sound waves more than frequency  20KHz/sec is called Ultrasonic 
waves. Ultrasonics offers a rapid and nondestructive method for  
characterization of materials. Ultrasonics has found various applications in  
various fields such as medical, biologic al etc. Elastic constant of an isotropic 
material can also be determined ultrasonically when both longitudinal  and 
transverse wave velocity is  known (1,2). In recent years, a lot of interest has 
been generated on the use of ultr asound because of the advantage it offers in 
synthetic chemistry, which includes reduction in reaction time and saving of 
energy (3-7 ). Ultrasound waves are reported to affect the rate of reaction, the 
yield and in some cases, the product formation (8,9). The use of ultrasonic for 
detection of defects in castings and forgings is well known . Another area, 
where ultrasonic is now -a-days beings used is to obtain the information about 
microstructure (10,11). It is reported that these ultrasonic waves provide valuable 
information about the  structure of solids  (12,13). In recent years, ultrasonic 
studies in aqueous and non -aqueous electrolytes solutions have led to new 
insights into ion-solvent interaction (14-18). It provides a powerful, effective and 
reliable tool to investigate properties  of polymers  (19-26), pure liquids  (27), 
carbohydrates (28-30), solutions of simple salts  (31,32) and amino acids (33-35). 
Knowledge of thermodynamic and acoustical properties is of the great  
significance for studying the physicochemical behavior and molec ular 
interactions in a variety of liquid mixtures  (36-40). Literature survey on sound 
velocity measurements shows that very little work has been done for solid 
organic compounds (16 -18,23,24).  
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   Thus, in the present chap ter, sound velocity studies of Schiff bases in 
dimethylformamide and 1,4-dioxane solution were done at 350C with a view to 
understand the molecular interactions in these systems.  
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The solvents used in the present study were purified by appropriate 
methods (41) prior to use. The prepared Schiff bases were also recrystallized. 
 For each compound, solutions of different concentrations were  
prepared in both DMF and 1,4 -dioxane. For these solutions, the densities (), 
viscosities () and sound velocities (U) were m easured by a pyknometer, an 
Ubbelohde suspended level viscometer and multi -frequency interferometer 
operating at 2 MHz, respectively.  All the measurements were carried out at 
35o ± 0.1°C. The measurements for GKS -1 in 1,4 -dioxane could not be 
carried out due to poor solubility. 
Density measurements: 
The densities of pure solvents and solutions were measured by means 
of pyknometer by determining the weights of distilled water, solvents and 
solutions. The density () was calculated according to following equ ation (8.1) 
with an accuracy of ± 0.0001 g / cm 3. 
 (g/cc) =[(wt.of solvent/solution)/ (wt. of water)]  (density of water). ----- (8.1)  
 
 
The methods for determining the dynamic viscosity or coefficient of 
viscosity of liquids depends on Stoke’s law (42 ). 
 In present investigation, suspended level viscometer  (43) known as 
Ubbelohde viscometer was used.  The viscometer was washed with chromic 
acid, distilled water, acetone and then dried at 50°C in an oven. Viscometer 
was suspended in a thermostat at 35° ± 0.1°C and measured quantity of the 
Viscosity measurements: 
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distilled water / solvent / solution was placed in it, by means of a pipette and 
thermally equilibrated for about 10 minutes.  The time required to flow the 
liquid between two marks was measured by means of a digital stopwatch with 
an accuracy of ± 0.01 sec. The arithmetic mean of triplicate measurements 
was taken for the calculation.  Using the flow times (t) and known viscosity of 
standard (water) sample, the viscosities of solvent and solutions were  
determined according to the equation (8.2): 
1/2 = t11/t22        ----- (8.2) 
 where 1, 1, t1, and 2, 2 , and t2 are the viscosities, densities and flow times 
of water and sample solutions, respectively. 
Sound velocity measurements: 
Sound velocity was measured by sing le frequency ultrasonic  
interferometer (F-81, Mittal Enterprise New Delhi), operating at 2 MHz. 
The measuring cell was filled with the solvent / solution and then  
micrometer was fixed.  The circulation of water from the thermostat at 35 C 
was started.   Th e high frequency generator was switched on and the  
experimental liquid in the cell is allowed to thermally equilibrate.  The  
micrometer was rotated very slowly so as to obtain a maximum or minimum of 
anode current.  A number of maximum readings of anode cu rrent (n) were 
counted.  The total distance (d) traveled by the micrometer for n=10, was 
read.   
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The wave length () was determined according to the equation (8.3): 
 = 2d/            ----- (8.3) 
The sound velocity (U) of solvents and solutions were cal culated from 
the wave length () and frequency (F) according to equation (8.4): 
U=  . F           ----- (8.4) 
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The density (), viscosity () and sound velocity (U) of pure solvents 
and different schiff bases solutions in dimethylf ormamide and 1,4 -dioxane 
were calculated at 35 oC according to the equations (8.1) to (8.4) and are 
reported in Tables 8.1 -8.2. These measurements are required to estimate  
other acoustical parameters like adiabatic compressibility (K s), specific 
acoustical impedence (Z), intermolecular free length (L f), Rao’s molar sound 
function (Rm), molar compressibility (w), Vander Waals constant (b),  
relaxation strength (r), internal pressure (), solvation number (S n), free 
volume (Vf), apparent molar volume (v2), apparent molar compressibility 
(Ks2) etc., which were evaluated according to the following equation:          
1.   Adiabatic compressibility: 
Adiabatic compressibility (s) can be evaluated  by the following  
equation (43 ).  
s = 1/U2    ----- (8.5) 
 
2.   Specific acoustical impedence: 
 Specific acoustical impedance (Z) can be calculated as: 
                                             Z = U            ----- (8.6) 
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3.   Intermolecular free path length: 
Inter molecular free path length (L f) can be calculated by the equation 
proposed by Jacobson (44): 
Lf = Kj.s 1/2         ----- (8.7) 
where Kj is Jacobson constant (=6.0816 x 104)   
4.    Rao’s molar sound function: 
Rao’s molar sound function (R m) can be evaluated by employing a 
method suggested by Bagchi et al  (45). 
Rm = (M/) U1/3     ----- (8.8) 
The apparent molecular weight (M) of the solution can be calculated 
according to equation (8.9): 
M = M1W1 +M2W2    ----- (8.9) 
where W1 and W2 are weight fractions of solvent and solute, respectively. M 1  
and M2 are th e molecular weights of the solvent and compounds,  
respectively.  
5.   Molar compressibility: 
Molar compressibility(W) can be calculated by the following equation (46): 
W = (M/) s -1/7       ---- (8.10) 
6.    Van der Waals Constant: 
Van der Waals constant (b) can be calculated as follows (47): 
b = M/ [1- (RT/MU2)   (1 +MU2/ 3RT – 1)] ---- (8.11)  
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where R is the gas constant (=8.3143 JK -1 mol-1) and T is the absolute 
temperature. 
7.    Relaxation Strength: 
The relaxation strength (r) can be calculated as follows (48):  
r = 1- [U/U] 2         ----- (8.12) 
where U = 1.5 x 105 cm/sec.  
8.    Internal Pressure: 
Internal pressure () can be evaluated according to Suryanarayana 
and Kuppuswamy (49): 
 = bRT [K/U] 1/2 2/3/M7/6    ----(8.13) 
where b is the packi ng factor (= 2). K is a constant (=4.28 X 109).  The internal 
pressure () depends on temperature, density, ultrasonic velocity and specific 
heat at constant pressure. 
9.   Solvation Number: 
 The solvation number (S n) can be evalu ated according to Passynsky  (50) 
method.   
Sn = M2/M1 [1- s / s1] [(100-X)/X]    ----- (8.14) 
 
where X is number o grams of solute in 100 g of the solution and M 1 and 
M2  are the molecular weights of solvent and solute respectively 
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10.    Apparent Molar Volume: 
Apparent molar volume  (51) can be calculated according to equation 
(8.17): 
v = [M/] - [{1000 (-0)}/ (.C)]    ----- (8.15) 
where M is the molecular weight of Schiff bases, 0 and  are the densities of 
solvent and Schiff bases solution respectively and C is the concentration of 
the solution in M. 
11.     Apparent Molar Compressibility: 
  Apparent molar compressibility (52) can be calculated according to 
equation (8.16): 
K = [(0 ad -  oad) (1000/ C0)] + [oad M2 / 0]  ----- (8.16) 
where ad and oad are the isentropic compressibility of solvent and Schiff  
bases solution, respectively. 
12.    Free Volume: 
   Free volume (53) can be calculated according to equation (8.17): 
Vf = [MU/K] 3/2 ----- (8.17) 
For the understanding of structure of interactions occurring in a  
particular solution, these acoustical parameters are important t o evaluate. 
Tables 8.3-8.6 show few aco ustical parameters for all the Schiff bases in 
DMF and 1,4 -dioxane at 35 0C. Further, some of these parameters were 
correlated with concentration and are given in Tables 8.7 and 8.8.  
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Table 8.1. Experimental data of density (r ), ultrasonic velocity (U) and viscosity (h) of GKS Schiff bases in 1,4-Dioxane and DMF 
at 35°C.   
 
 
Concent-
ration 
(M) 
Density r. 
10-3 g. 
cm -3 
Velocity 
U. 10- 5  
cm/s-1 
Viscosity 
h.102 
poise 
Density 
r. 10-3g. 
cm -3 
Velocity 
U. 10-5  
cm/s -1 
Viscosity 
h.102 
poise 
Density 
 r .10-3 
g. 
cm -3 
Velocity 
U. 10-5 
cm/s-1 
Viscosity 
h.102 
poise 
Density r.  
10- 3 g. 
cm -3 
Velocity 
U. 10-5 
cm/s -1 
Viscosity 
h.102 
poise 
 GKS-1 DMF GKS-2 DMF GKS-3 DMF GKS-4 DMF 
0.00 0.9368 1.4389 0.9019 0.9368 1.4389 0.9019 0.9368 1.4389 0.9019 0.9368 1.4389 0.9019 
0.01 0.9376 1.4816 0.9098 0.9381 1.3972 0.9197 0.9384 1.4200 0.9103 0.9381 1.4490 0.9063 
0.02 0.9391 1.4770 0.9299 0.9390 1.4054 0.9482 0.9392 1.4286 0.9268 0.9390 1.4607 0.9285 
0.04 0.9408 1.4658 0.9667 0.9307 1.4150 0.9670 0.9414 1.4396 0.9514 0.9393 1.4611 0.9356 
0.06 0.9429 1.4602 1.0891 0.9409 1.4221 0.9781 0.9432 1.4458 0.9570 0.9396 1.4690 0.9473 
0.08 0.9552 1.4300 1.1774 0.9430 1.4344 0.9946 0.9444 1.4534 0.9693 0.9400 1.4724 0.9537 
0.10 0.9564 1.4138 1.2553 0.9449 1.4536 1.0252 0.9456 1.4586 0.9840 0.9430 1.4850 0.9647 
 GKS-1 1,4dioxane GKS-2 1,4dioxane GKS-3 1,4dioxane GKS-4 1,4dioxane 
0.00 - - - 1.0175 1.3362 1.0487 1.0175 1.3362 1.0487 1.0175 1.3362 1.0487 
0.01 - - - 1.0185 1.3576 1.1307 1.0195 1.3623 1.0100 1.0196 1.3853 1.2092 
0.02 - - - 1.0189 1.3649 1.1903 1.0203 1.3736 1.1169 1.0212 1.3923 1.2416 
0.04 - - - 1.0194 1.3821 1.2472 1.0209 1.3822 1.2000 1.0217 1.4021 1.2610 
0.06 - - - 1.0241 1.3943 1.3811 1.0216 1.3956 1.2398 1.0227 1.4146 1.3010 
0.08 - - - 1.0259 1.4076 1.4299 1.0240 1.4061 1.2913 1.0242 1.4236 1.3454 
0.10 - - - 1.0294 1.4124 1.6043 1.0258 1.4181 1.3279 1.0259 1.4332 1.3685 
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Table 8.2.Experimental data of density (r), ultrasonic velocity (U) and viscosity (h) of VKS Schiff bases in 1,4-Dioxane and DMF 
at 35°C. 
 
Concen
-tration 
(M) 
Density 
r. 10-3 
g.cm -3 
Velocity 
U. 10-5 
cm/s -1 
Viscosity 
h.102 
poise 
Density 
r. 10-3 
g.cm -3 
Velocity 
U. 10-5 
cm/s -1 
Viscosity 
h.102 
poise 
Density 
r. 10-3 
g.cm -3 
Velocity 
U. 10- 5 
cm/s-1 
Viscosity 
h.102 
poise 
Density 
r. 10-3 
g.cm -3 
Velocity 
U. 10-5 
cm/s -1 
Viscosity 
h.102 
poise 
 VKS-1 DMF VKS-2 DMF VKS-3 DMF VKS-4 DMF 
0.00 0.9368 1.4389 0.9019 0.9368 1.4389 0.9019 0.9368 1.4389 0.9019 0.9368 1.4389 0.9019 
0.01 0.9438 1.4464 0.9128 0.9417 1.4340 0.9008 0.9472 1.3970 0.9320 0.9389 1.4564 
0.9125 
0.02 0.9446 1.4495 0.9248 0.9421 1.4396 0.9287 0.9475 1.4115 0.9460 0.9401 1.4634 0.9262 
0.04 0.9455 1.4552 0.9411 0.9427 1.4492 0.9424 0.9476 1.4179 0.9653 0.9417 1.4690 
0.9385 
0.06 0.9440 1.4580 0.9490 0.9430 1.4532 0.9487 0.9477 1.4374 0.9829 0.9436 1.4743 0.950 7 
0.08 0.9412 1.4648 0.9641 0.9443 1.4632 0.9601 0.9478 1.4486 0.9948 0.9446 1.4737 
0.9720 
0.10 0.9417 1.4629 0.9792 0.9460 1.4664 0.9730 0.9478 1.4596 0.9320 0.9535 1.4813 0.9873 
 VKS-1 1,4-dioxane  VKS-2 1,4-dioxane  VKS-3 1,4-dioxane  VKS-4 1,4-dioxane  
0.00 1.0175 1.3362 1.0148 1.0175 1.3362 1.0487 1.0175 1.3362 1.0487 1.0175 
1.3362 1.0487 
0.01 1.0194 1.3620 1.1963 1.0181 1.3615 1.1621 1.0226 1.3545 1.2001 1.0187 1.3932 1.1565 
0.02 1.0208 1.3746 1.2303 1.0203 1.3742 1.1897 1.0238 1.3563 1.2388 1.0206 1.3815 1.2202 
0.04 1.0239 1.3858 1.2549 1.0221 1.3843 1.2218 1.0247 1.3756 1.2549 1.0218 
1.3919 1.2827 
0.06 1.0262 1.3984 1.2807 1.0242 1.3958 1.2594 1.0257 1.3874 1.2853 1.0239 1.4029 1.3298 
0.08 1.0283 1.4099 1.2988 1.0250 1.3982 1.2844 1.0264 1.3972 1.3169 1.0263 
1.4143 1.3790 
0.10 1.0307 1.4212 1.3065 1.0264 1.4079 1.2971 1.0271 1.4095 1.3470 1.0288 1.4201 1.4205 
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For GKS Schiff bases   
It is observed from Table 8.1 that for GKS -2, GKS-3 and GKS -4, 
velocity (U) and viscosity ( ) increases linearly with concentration for both the 
solvents. However, for GKS -1 in DMF, velocity (U) and viscosity () 
decreases linearly with concentration. In 1,4 -dioxane, acoustical studies for 
GKS-1 could not be done due to poor solubility. The variation of ultrasonic 
velocity with concentration is given in Figure 8.1. Ultrasonic velocity depends 
on intermolecular free path length (L f). With decreases of free length, velocity 
increases or vice versa  (54). Table 8.3 shows that for both DMF and 1,4 -
dioxane solutions, Lf is observed to decrease for GKS -2, GKS-3 and GKS-4. 
However, for GKS -1 in DMF, it is observed to increase. It is also observed 
from Table 8.3 that for GKS-2, GKS-3 and GKS-4, acoustic impe ndence (Z) 
increases when velocity (U) increases  whereas Lf and adiabatic 
compressibility (s) decreases. The decrease in free path length and adiabatic 
compressibility (s) and increase in velocity and acoustic impe ndence (Z) 
suggest the presence of solvent -solute interactions in GKS -2, GKS-3, and 
GKS-4, which is supported  by decrease in relaxation strength (r) in these 
three systems. The decrease in ks (Figure 8.2) might be due to aggregation of  
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 Table 8.3.  Variation of acoustical parameters with concentration for GKS Schiff bases in DMF at 35°C. 
Concen- 
tration 
(M) 
Acoustic impedance, 
Z x 10 -5 g cm -2 
Adiabatic  
Compression   
kS .10
11 cm2 dyn- 1 
Free length  
Lf A° 
Solvation  
number 
Sn 
Internal  
Pressure  
p 
Rao’s molar  
sound function  
Rm 
Molar  
compressibility 
W 
        Relaxation 
 Strength 
     r 
GKS-1 
0.00 1.3479 5.1556 0.4366 - 537.4065 4088.41 2300.823 0.1912 
0.01 1.3891 4.8584 0.4239 73.6893 524.2688 4178.49 2348.532 0.1424 
0.02 1.3870 4.8809 0.4248 33.9848 523.5934 4220.71 2373.159 0.1477 
0.04 1.3790 4.9468 0.4277 12.8009 521.2237 4308.18 2423.842 0.1606 
0.06 1.3768 4.9737 0.4289   7.4235 539.6836 4397.99 2475.609 0.1678 
0.08 1.3659 5.1195 0.4351   1.1116 557.6678 4409.14 2488.962 0.2012 
0.10 1.3552 5.2309 0.4398  -1.8438 563.9429 4457.71 2535.145 0.2192 
GKS-2 
0.01 1.3107 5.4605 0.4494 -75.6699 545.3451 4080.29 2299.931 0.2374 
0.02 1.3197 5.3915 0.4465 -29.2101 546.6292 4121.73 2322.959 0.2284 
0.04 1.3311 5.3089 0.4431 -9.4497 539.4049 4198.17 2365.887 0.2178 
0.06 1.3380 5.2551 0.4408 -4.0641 530.2138 4279.02 2410.944 0.2099 
0.08 1.3527 5.1534 0.4365 0.06712 522.5718 4355.98 2454.078 0.1961 
0.10 1.3735 5.0086 0.4304 3.5726 517.4906 4440.53 2500.855 0.1746 
GKS-3 
0.01 1.3325 5.2848 0.4421 -32.0834 538.7449 4098.88 2308.287 0.2123 
0.02 1.3417 5.2169 0.4392 -7.5946 536.9883 4137.44 2330.067 0.2027 
0.04 1.3552 5.1255 0.4354 1.8576 532.4703 4207.27 2369.323 0.1904 
0.06 1.3675 5.0714 0.4330 3.4497 523.5725 4274.01 2407.065 0.1833 
0.08 1.3725 5.0127 0.4305 4.3703 516.3236 4344.59 2446.652 0.1748 
0.10 1.3792 4.9704 0.4287 4.5094 510.321 4412.72 2485.045 0.1688 
GKS-4 
0.01 1.3594 5.0759 0.4332 19.7722 530.120 4139.40 2329.481 0.179 6 
0.02 1.3716 4.9911 0.4296 20.3556 527.712 4194.39 2359.570 0.1665 
0.04 1.3724 4.9865 0.4294 10.3942 516.107 4288.45 2412.562 0.1660 
0.06 1.3803 4.9313 0.4270 9.1303 504.963 4389.88 2469.099 0.1569 
0.08 1.3840 4.9070 0.4260 7.5400 493.760 4486.31 2523.216 0.1531 
0.10 1.4005 4.8077 0.4216 8.4099 483.400 4578.49 2575.176 0.1383 
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Table 8.4.  Variation of acoustical parameters with concentration for GKS Schiff bases in 1,4- dioxane at 35°C. 
Concentration 
(M) 
Acoustic 
impedance, 
Z x 10 - 5 g cm -2 
Adiabatic 
Compression 
kS .10
11
  cm
2 dyn - 1 
Free length  
Lf A° 
Solvation 
number 
Sn 
Internal 
Pressure  
p 
Rao’s molar sound 
function  
Rm 
Molar 
compressibility 
W 
  Relaxation 
 Strength 
     r 
GKS-1 
0.00 1.3362 5.5041    0.4511 - 510.9904 4426.81 2529.7473 0.3025 
0.01 - -          - - - - - - 
0.02 - -          - - - - - - 
0.04 - - - - - - - - 
0.06 - - - - - - - - 
0.08 - - - - - - -        - 
0.10 - - - - - - - - 
GKS-2 
0.01 1.3827 5.3271 0.4438 13.0967 522.3332 4475.43 2555.970 0.2800 
0.02 1.3907 5.2682 0.4414 15.1119 530.8927 4510.97 2575.754 0.2722 
0.04 1.4090 5.1349 0.4357 16.6793 532.1442 4585.90 2617.196 0.2538 
0.06 1.4280 5.0224 0.4309 19.1824 551.1076 4636.09 2646.458 0.2405 
0.08 1.4442 4.9193 0.4265 24.6293 550.7121 4700.81 2682.8644 0.2260 
0.10 1.4540          4.8692 0.4243 37.3641 575.5725 4747.23 2710.247 0.2207 
GKS-3 
0.01 1.3889 5.2848 0.4421 13.5054 507.9587 4473.82 2554.983 0.2749 
0.02 1.4015 5.1942 0.4383 14.5763 513.7487 4509.46 2574.614 0.2629 
0.04 1.4111 5.1268 0.4354 16.5109 523.8299 4569.95 2608.589 0.2536 
0.06 1.4257 5.0254 0.4311 19.6102 522.9225 4635.33 2644.552 0.2391 
0.08 1.4399 4.9389 0.4273 32.3615 525.4432 4689.44 2675.767 0.2276 
0.10 1.4547 4.8471 0.4234 45.8577 524.2265 4747.83 2708.671 0.2143 
GKS-4 
0.01 1.4125 5.1102 0.4347 15.5411 534.349 4508.65 2572.854 0.2503 
0.02 1.4220 5.0506 0.4320 17.6549 535.553 4545.80 2594.649 0.2427 
0.04 1.4325 4.9783 0.4291 21.2973 527.900 4629.04 2640.813 0.2320 
0.06 1.4467 4.9313 0.4251 27.3175 524.369 4712.53 2687.685 0.2182 
0.08 1.4580 4.9070 0.4221 47.3947 522.504 4789.64 2731.431 0.2083 
0.10 1.4703 4.8077 0.4189 82.4443 516.468 4866.32 2774.909 0.1975 
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  Table 8.5.  Variation of acoustical parameters with concentration for VKS Schiff bases in DMF at 35°C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Concen- 
tration 
(M) 
Acoustic impedance, 
Z x 10 - 5 g cm -2 
Adiabatic 
Compression 
ks  x 10
11
  cm
2 dyn - 1 
Free length  
Lf A° 
Solvation  
number 
Sn 
Internal 
pressure 
p 
Rao’s molar 
Sound function 
Rm 
Molar  
Compressi-
bility 
W 
        Relaxation 
 Strength 
     r 
VKS-1  
0.00 1.3479 5.1556 0.4366 - 537.46 4088.41 2300.82 0.1912 
0.01 1.3651 5.0645 0.4328 22.755 53763 4092.96 2305.26 0.1827 
0.02 1.3692 5.0385 0.4316 14.598 536.60 4120.23 2320.67 0.1792 
0.04 1.3758 4.9945 0.4297 09.996 532.23 4177.25 2352.66 0.1728 
0.06 1.3763 4.9832 0.4293 07.080 525.17 4242.57 2388.69 0.1696 
0.08 1.3786 4.9517 0.4279 06.227 518.98 4318.55 2429.90 0.1618 
0.10 1.3870 4.8947 0.4254 06.342 513.96 4380.39 2464.24 0.1525 
VKS-2 
0.01 1.3161 5.2985 0.4426 -28.450 523.29 4197.11 2355.47 0.1967 
0.02 1.3562 5.1217 0.4352 04.215 538.78 4120.83 2320.89 0.1904 
0.04 1.3661 5.0509 0.4322 06.477 532.90 4182.14 2354.89 0.1796 
0.06 1.3703 5.0215 0.4309 05.502 525.99 4239.47 2386.96 0.1750 
0.08 1.3817 4.9463 0.4277 06.414 520.01 4297.47 2419.56 0.1636 
0.10 1.3872 4.9159 0.4264 05.855 515.94 4347.60 2447.90 0.1600 
VKS-3 
0.01 1.3232 5.4092 0.4472 -63.568 549.35 4036.57 2278.44 0.2376 
0.02 1.3374 5.2969 0.4426 -17.663 545.36 4081.97 2303.03 0.2376 
0.04 1.3436 5.2486 0.4405 -05.778 538.15 4153.30 2342.81 0.2146 
0.06 1.3622 5.1070 0.4346 02.001 530.19 4237.62 2388.86 0.1929 
0.08 1.3730 5.0273 0.4312 03.939 523.44 4314.25 2431.19 0.1802 
0.10 1.3834 4.9521 0.4279 04.819 515.41 4391.32 2473.73 0.1677 
VKS-4 
0.01 1.3674 5.0213 0.4309 33.328 527.18 4168.22 2345.14 0.1714 
0.02 1.3757 4.9670 0.4286 23.332 519.78 4241.96 2386.49 0.1634 
0.04 1.3833 4.9206 0.4266 14.440 502.79 4384.45 2466.83 0.1570 
0.06 1.3916 4.8740 0.4245 11.467 487.25 4522.85 2545.11 0.1509 
0.08 1.3920 4.8744 0.4245 08.522 475.38 4662.40 2623.97 0.1516 
0.10 1.4124 4.7794 0.4204 09.132 464.87 4762.88 2683.45 0.1428 
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Table 8.6.  Variation of acoustical parameters with concentration for VKS Schiff bases in 1-4 Dioxane at 35°C. 
 
Concent-
ration 
(M) 
Acoustic impedance, 
Z x 10 - 5 g cm
     -2
 
Adiabatic 
Compression 
ks  x 10
11
  cm
2 / dyn 
Free length  
Lf  A° 
Solvation 
number 
Sn 
In ternal 
pressure 
p 
Rao’s molar 
Sound function 
Rm 
Molar  
Compressibility 
W 
        Relaxation 
 Strength 
     r 
VKS-1 
0.00 1.3597 5.5035 0.4511 - 510.94 4426.81 2529.71 0.3024 
0.01 1.3827 5.2878 0.4422 45.232 538.12 4468.57 2551.97 0.2800 
0.02 1.3907 5.1838 0.4378 33.481 540.67 4497.67 2567.96 0.2722 
0.04 1.4089 5.0756 0.4332 22.406 539.71 4529.82 2587.17 0.2538 
0.06 1.4279 4.9804 0.4291 18.183 537.14 4582.68 2616.52 0.2405 
0.08 1.4441 4.8917 0.4253 15.893 533.49 4630.62 2643.44 0.2259 
0.10 1.4540 4.8032 0.4214 14.514 531.48 4674.37 2668.29 0.2207 
VKS-2 
0.01 1.3862 5.2982 0.4426 42.996 530.07 4473.36 2554.28 0.2758 
0.02 1.4021 5.1897 0.4381 32.851 534.08 4498.57 2568.34 0.2622 
0.04 1.4149 5.1051 0.4345 20.784 531.68 4543.72 2593.86 0.2513 
0.06 1.4296 5.0112 0.4305 17.071 532.58 4588.82 2619.34 0.2389 
0.08 1.4331 4.9901 0.4296 13.295 531.99 4629.82 2642.82 0.2362 
0.10 1.4450 4.9150 0.4263 12.158 527.69 4675.95 2668.80 0.2256 
VKS-3 
0.01 1.3819 5.3545 0.4450 31.337 541.63 4447.27 2541.89 0.2866 
0.02 1.3886 5.3092 0.4431 20.400 546.02 4473.10 2556.64 0.2813 
0.04 1.4096 5.1566 0.4367 18.129 538.81 4541.69 2594.42 0.2607 
0.06 1.4231 5.0643 0.4327 15.233 536.25 4601.59 2627.94 0.2480 
0.08 1.4340 4.9907 0.4296 13.274 534.20 4660.60 2661.01 0.2374 
0.10 1.4477 4.9005 0.4257 12.427 531.32 4722.56 2695.52 0.2239 
VKS-4 
0.01 1.3932 5.2489 0.4406 53.287 518.12 4431.82 2576.73 0.2417 
0.02 1.4100 5.1336 0.4357 38.631 527.21 4577.78 2613.03 0.2544 
0.04 1.4222 5.0513 0.4322 23.461 523.66 4698.50 2681.41 0.2431 
0.06 1.4364 4.9622 0.4284 18.617 517.14 4815.38 2747.89 0.2311 
0.08 1.4515 4.8708 0.4244 16.231 511.20 4930.77 2813.59 0.2185 
0.10 1.4610 4.8194 0.4221 13.968 505.08 5038.42 2875.46 0.2121 
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Figure 8.1. The variation of velocity (U) with concentration for GKS bases in 
(A) DMF and (B) 1,4-dioxane. 
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Figure 8.2.  The variation of adiabatic compressibility (s) with concentration for 
GKS bases in (A) DMF and (B) 1,4 -dioxane. 
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Table 8.7. The correlation coefficients () and correlation equations between 
            some acoustical parameters and concentration of GKS Schiff 
                               bases in 1,4-dioxane and DMF solutions at 35C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parameters g Correlation equation g Correlation equation 
  DMF   
 GKS-1  GKS-2  
U (cms-1) 0.9627 U -72274C = 149060.8 0.9729 U + 56904.11C = 138942.3 
W 0.9895 W + 2038.03C  = 2335.568 0.9999 W + 2220.037C =2277.74 
b 0.9941 b  + 74.0641C  = 73.80237 0.9998 b + 64.43877C =73.17971 
Rm 0.9841 Rm + 3363.25C =  4159.93 0.9999 Rm + 3976.667C =4040.495 
 GKS-3  GKS-4  
U (cms-1) 0.9777 U + 40493.15C = 141874. 0.9567 U + 28767.1C = 145013.7 
W 0.9998 W +1953.7C  = 2290.132 0.9997 W + 2729.721C  = 2303.815 
b 0.9999 b  + 57.63381C  = 73.2231 0.9997 b  + 83.9678C  = 73.31109 
Rm 0.9998 Rm + 3474.692C = 4066.16 0.9998 Rm +4875.409C =  4094.262 
  1,4-dioxane   
 GKS-1  GKS-2  
U (cms-1) - - 0.9887 U + 6335.6C= 135374.9 
W - - 0.9978 W + 1720.322C  = 2542.532 
b - - 0.9979 b  + 45.5807C  = 2546.602 
Rm - - 0.9962 Rm + 3024.75C =  4453.798 
 GKS-3  GKS-4  
U (cms-1) 0.9950 U + 60019.18C = 135827. 0.9983 U + 53052.05C = 138111.6 
W 0.5810 W -155830C  = 14512 0.9998 W + 2260.587C  = 2590.16 
b 0.9994 b  + 46.1086C  = 81.46752 0.9998 b  + 65.1255C  =81.4723 
Rm 0.9994 Rm + 3032.632C = 4447.62 0.9998 Rm + 4005.49C =  4468.382 
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Table 8.8. The correlation coefficients () and correlation equations between  
           some acoustical parameters and concentration of VKS Schiff  
            bases in 1,4-dioxane and DMF solutions at 35C. 
 
Parameters g Correlation equation g Correlation equation 
  DMF   
 VKS-1  VKS-2  
U (cms-1) 0.9623 U + 28493.15C = 143994.5 0.9730 U + 39452.05C = 142961.6 
W 0.9990 W + 1786.79C  = 2284.592 0.9278 W + 996.899C =2337.775 
b 0.9988 b  + 53.4002C  = 72.83312 0.9999 b + 48.94378C =73.1017 
Rm 0.9988 Rm + 3235.76C =  4054.81 0.9114 Rm + 2148.399C =4119.81 
 VKS-3  VKS-4  
U (cms-1) 0.9608 U + 81095.89C = 138476.7 0.9267 U + 20000C = 145800 
W 0.9998 W + 2162.87C  = 2257.932 0.9988 W + 3811.96C  = 2311.552 
b 1.0000 b  + 59.5886C  = 73.0905  0.9985 b  + 119.2798C  = 73.47072  
Rm 0.9998 Rm + 3927.06C =  3999.61 0.9985 Rm + 6713.622C =  4110.261 
  1,4-dioxane   
 VKS-1  VKS-2  
U (cms-1) 0.9971 U + 65587.4C = 135734.3 0.9727 U + 47673.97C = 136235.2 
W 0.9988 W + 1287.92C  = 2539.355 0.9998 W + 1263.302C  = 2542.693 
b 0.9972 b  + 31.5878C  = 81.43265 0.9994 b  + 33.38301C  = 81.50531  
Rm 0.9984 Rm + 2277.20C =  4446.30 0.9997 Rm + 2230.288C =  4453.146 
 VKS-3  VKS-4  
U (cms-1) 0.9940 U + 63109.59C = 1347.47 0.9253 U + 39128.77C = 138035 
W 0.9997 W + 1715.80C  = 2524.257 0.9996 W + 3324.197C  = 2546.602 
b 0.9999 b  + 45.9965C  = 81.10098 0.9967 b  + 104.4785C  = 81.13329 
Rm 0.9997 Rm + 3076.73C =  4415.50 0.9907 Rm + 6397.559C =  4418.244 
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solvent molecules around solute molecules indicating strong solvent -solute 
interaction (55 ).  
For GKS-1 system, increase in inter molecular free length,  
compressibility and relaxation strength suggest the presence of solute -solute 
interactions in DMF. 
 Further Rm, W, and b increase linearly (Table 8.7) for all the bases in 
both the solvents suggesting thereby absence of any complex formation. 
 The internal pressure () is the resultant of the forces of attraction and 
repulsion between the molecules in liquid. As the repulsive forces become 
prominent, internal pressure get relatively lowered. But the concentrations 
where only one of the components is in large ratio, the  internal pressure 
values are relatively higher predicting greater forces of attraction between the 
molecules. Internal pressure is maximum where the  inter molecular 
association is strongest. Fig ure 8.3 shows variation of internal pressure ( ) 
with concentration for all the GKS bases in DMF (A) and 1,4 -dioxane (B).  It is 
observed that in DMF,  values decrease with increase in concentration for 
GKS-2, GKS-3 and GKS -4 systems indicating thereby decrease of cohesive 
forces. In GKS-1 system,  values remain almost constant initially and then 
observed to increase. This behavior  suggests that although solvent -solute 
interactions exist, there are solute -solute interactions also, due to which  
cohesive forces initially remain constant . However, in 1,4 -dioxane (Figure 8.3 
(B)),  values are observed to increase for GKS -2, decrease for GKS -4 and 
remain almost constant for GKS -3. This suggests that although some  
parameters discussed above suggest solvent -solute interactions in these  
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systems, solute-solute interactions also exist. Hirchelfelder et al. (57) found 
that free volume (V f) of a solute of a molecule at a particular temperature and 
pressure depends only on the internal pressure of the liquid in which it is 
dissolved. The weakening of molecular association leads  to a large free  
volume available for molecular motion and reverse effect gives rise to smaller 
free volume. Thus, internal pressure is an inverse function of free volume (V f) 
(58,59). The change of V f  values with concentration is shown in Fig ure 8.4 for 
both the solvents. As ex pected, free volume is inverse of internal pressure 
().  In DMF, Vf increases in GKS -2, GKS-3 and GKS-4 and decreases for 
GKS-1 as expected . The decrease in Vf values may be due to close  
association between solute and solvent molecu les. In 1,4-dioxane solutions, 
variation of Vf  with concentration is shown in Figure 8.4 (B), which is reverse 
of  plot for GKS -2 and GKS-4. For GKS -3, Vf is almost constant.  Thus, in 
1,4-dioxane solutions, both solute -solute and solute -solvent interactions are 
present. 
The solvation number Sn further confirms the structure forming or  
structure-breaking tendency of a solute in a particular solvent. It is observed 
from Table 8.3 that in DMF solutions, S n values are observed to decrease for 
GKS-1 whereas for GKS-2 and GKS-3, these values increase. For GKS -4, it 
decreases with concentration initially then becomes almost constant. In 1,4 -
dioxane solution (Table -8.4), solvation number increases with increase in 
concentration and it is negative for all the con centrations.  The increase in Sn  
values suggest structure-forming tendency of solute whereas decrease in S n  
is due to structure breaking tendency. Thus, the decrease of Sn for GKS-1 in  
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Figure 8.3.  The variation of internal pressure () with concentration for GKS                           
bases in   (A)  DMF and (B) 1,4-dioxane. 
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Figure 8.4. The variation of free volume (Vf) with concentration for GKS 
bases in (A) DMF and (B) 1,4-dioxane. 
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DMF again proves its structure -breaking tendency. GKS -2 and GKS -3 has 
structure forming tendency in both DMF and 1,4 -dioxane solvents. The 
decrease in GKS -4 suggests although some  acoustical properties show  
solute- solvent interactions, solute - solute interactions also exist, which is 
confirmed by Sn values. The negative solvation number indicates structure -
breaking tendency of the solute (59).  
 For VKS Schiff bases   
 It is obser ved graphically (Fig 8.5) that in case of VKS -1, VKS-2, VKS-
3 and VKS-4, density (), velocity (U) and viscosity ( ) increase linearly with 
concentration in both DMF and 1,4 -dioxane solvents. Table 8.5 and Table 8.6 
shows that s, Lf and r decreases for al l the VKS bases in both the solvents. 
Fig 8.6 shows the variation of adiabatic compressibility ( s) with concentration 
in both the solvents. The decrease in s, r and Lf  and increase of Z, suggest 
presence of solvent -solute interactions in these bases. Thi s is further  
confirmed by viscosity values, which increase for all the Schiff bases (Table 
8.2), suggesting thereby more association between solute and solvent  
molecules in these systems. The increases in Vander Waals constant (b) for 
all the four systems suggest the absence of complex formation  (61). Rao’s 
molar sound function (Rm) and molar compressibility (W) are also observed to 
increase for all the four systems in both the solvents.  The variation of Rm, W 
and b are linear with concentration as observe d by the correlation co-efficient 
values in Table 8.8. 
    Internal pressure () is a measure of cohesive forces. The decrease of 
 with concentration (Table s 8.5 and 8.6) , indicate thereby the decrease in 
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cohesive forces in the studied systems (Figure 8.7 ) indicating close packing 
of molecules. The variation of free volume (V f) with concentration is shown in 
Figure 8.8. Tables 8.5 and 8.6 show that the solvation number (Sn) decreases 
with concentration in both the solvent, indicating thereby structure -breaking 
tendency of solutes in these systems. However, the velocity increased with 
concentration for all these systems. This indicates that both solute -solute and 
solute-solvent interactions exist in the systems. The solute -solute interactions 
predominate, which is reflected in  and Sn  values for these systems. 
Thus, powerful molecular interactions exist in both the solvents. T he 
nature of groups present in S chiff bases and solvent played an important role 
in the predominance of the interaction.  
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  Figure 8.5.  The variation of velocity (U) with concentration for VKS bases   
in (A) DMF and (B) 1,4-dioxane. 
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Figure 8.6. The variation of adiabatic compressibility ( s) with concentration 
for VKS bases in (A) DMF and (B) 1,4-dioxane  
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Figure 8.7.The variation of internal pressure () with concentration for VKS 
bases in  (A) DMF and (B) 1,4 -dioxane. 
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Figure 8.8. The variation of free volume (Vf) with concentration for VKS 
bases in (A) DMF and (B) 1,4-dioxane. 
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CHAPTER - 9 
BIOLOGICAL ACTIVITIES 
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           A literature survey shows that a number of Schiff base complexes have   
been tested for antimicrobial activities and many of them have been found to 
exhibit bacteriostatic and fungistatic activities (1 -3). The Schiff bases have 
been reported to demonstrate a wide range of pharmacological (4) activities, 
which include antibacterial  (5-7), antifungal (8), anti-HIV (9), antitumor (10), anti-
inflammatory (11), antipyretic (12-15) etc. They are found to be active against a 
wide range of organisms , eg. C. albicans, E. coli, S. aureus, B. polymxa, P. 
viticola etc (16,17). Many Schiff bases have been known to be medicinally  
important and are used to design medicinal compounds (18,19). Chakrabarti 
and Kumar (20) synthesized pyrimidine Schiff bases as po tential anti cancer 
agents. Considering these properties of Schiff bases, in the present chapter, 
biological activities of all Schiff bases  were studied using strains of Gram 
positive and Gram negative bacteria. Further, the antitumor screening was 
carried out for all bases against Mycobacterium tuberculosis.   
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 The antibacterial activities of all the Schiff bases were studied in  
dimethylformamide (DMF) and dimethylsulfoxide (DMSO) by using different 
bacterial strains.  
 The bacterial strains studied ar e identified strains and were obtained 
from National Chemical Laboratory (NCL), Pune, India. The investigated 
microorganisms are P. pseudoalcaligenes ATCC 17440, P. vulgaris NCTC 
8313, C. freundii ATCC 10787, E. aerogenes ATCC 13048, S. subfava NCIM 
2178 and B. megaterium ATCC 9885.   
  
 The compounds were dissolved at a concentration of 10 mg/ml in 
either of the two solvents (DMSO/DMF) in order to make the final  
concentration 1mg/0.1ml. In all, 3 different concentrations of the drug were 
prepared (1mg/0.1ml, 0.1mg/0.1ml, and 0.01mg/0.1ml) for microbiological  
assays. The synthesized Schiff bases are soluble only in DMF, 1,4 -dioxane 
and DMSO and from these , two solvents i.e. DMSO and DMF were selected 
in the present work. 
 
 A loop full of the given test str ain was inoculated in 25ml of N -broth 
(Nutrient Broth) and was incubated for 24h in an incubator at 37 o C in order 
to activate bacterial strain  28-30 ml of the Mueller Hinton Agar No.2 media 
was added into the 100 mm diameter Petri-plate. Inoculation was done by the 
Pour-plate technique. 0.2ml of the activated strain was inoculated into the 
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media when it reached 40 -45 o C temperature. The complete procedure of 
the plate preparation was done in the Laminar airflow to maintain strict sterile 
and aseptic condition. The media was allowed to solidify. After solidification 
of the media, ditch/well was made in the plates with the help of cup -borer 
(0.85 cm) and then  it was filed with  synthetic compound (dissolved in  
DMSO/DMF). The controls were maintained (for eac h bacterial strain and 
each solvent), where pure solvent was inoculated into the well. The plates 
were incubated for 24 h at 37 oC.  The inhibition zone formed by these 
compounds against the particular test bacterial strain determi ned the 
antibacterial activity of the synthetic compounds. The mean value obtained 
for three individual replicates was used to calculate the zone of growth  
inhibition of each sample.   
Further, the antitubercular screening was done by “Tuberculosis  
Antimicrobial Acquisition and Coo rdinating Facility” Alabama, USA. The  
screening is done at 6.25 g/ml against Mycobacterium tuberculosis H37Rv 
in BACTEC 12B media using a broth micro dilution assay (21).  
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           All the compounds have different antibacterial activity in vitro against 
the tested bacterial strain in different solvents.  The controls were deducted 
from the tested compou nds; their effect was noticeably  different depending 
on the type of the solvent used.  The antibacterial activity of the Schiff bases 
synthesized from 4-aminoantipyrene and vanillin  against Gram positive 
bacteria S. subfava and B. megatarium  are shown in Fig 9.1.   The inhibitory 
activity was more in DMSO as compare d to DMF. Among both these Gram 
positive bacteria, S. subfava was resistant to the synthes ized compounds as 
compared to B. megatarium.  The compounds synthesized from 4-
aminoantipyrene did not produce any inhibitory zone against S. subfava in 
either of the solvents used; while when the compounds synthesized from 
vanillin are considered only VKS -2 in both the solvents and VKS -3 in DMSO 
could show inhibitory activity.  When Gram positive  B. megatarium is 
considered, DMF was ineffective while almost all the compounds in DMSO 
could produce inhibitory zones.  The most active compounds were GKS -1, 
GKS-2 and VKS-2 followed by VKS-3 and GKS-3; GKS-4, VKS-1 and VKS-4 
completely failed to inhibit this microorganism.  This discrepancy in the 
inhibitory activity is because of molecular diversity. In the present  
investigation, two central ligands are used.  In GKS1-GKS4, the central  
ligand is 4-aminoantipyrene while in VKS1 - VKS4 it is vanillin.  All eight 
compounds have different side chains viz.  In GKS -1 it is vanillin, in GKS -2 it 
is benzaldehyde, in GKS-3 it is furfuraldehyde, in GKS -4 it is p -anisaldehyde, 
in VKS-1 it is p-anisidine, in VKS-2 it is 2,4, dimethyl aniline, in VKS-3 it is - 
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            Figure 9.1 
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naphthyl amine and in VKS-4 it is sulphamethoxal. From the above it can be 
concluded, that for inhibiting these two Gram positive bacteria, the central 
ligand vanillin is better than 4 -aminoantipyrene.  The side chai n 2,4 dimethyl 
aniline and  -naphthyl amine are best and the solvent DMSO is better than 
DMF.  The interaction between solvent and the Schiff base is playing an 
important role in inhibiting these bacterial strains. 
           In  vitro antibacterial evaluation of eight compounds synthesized  
against P. pseudoalkaligens  and P. vugaris are shown in Fig 9.2.  All the 
compounds extracted in DMF showed considerable inhibitory zones a gainst  
P. pseudoalkaligens.  The compounds VKS1 -VKS4 were more active than 
the compounds GKS1-GKS4.  The compound VKS-4 in DMSO was the only 
compound, which showed a high inhibition zone while all the other seven 
compounds in DMSO were ineffective.  An en tirely different trend was  
observed with P. vugaris.  The compounds extracted in DMF could not inhibit 
these Gram negative bacteria.  In DMSO extracted compounds also, only 
VKS-4 showed a great inhibitory activity.  The central ligands or the attached 
side chains had no differential inhibitory effect on P . pseudoalkaligens i.e. all 
produced almost same inhibitory activity except VKS -4 in DMF while only 
VKS-4 in DMSO could inhibit P. vugaris i.e. sulphamethoxzal side chain with 
vanillin as central ligand proved to be best for inhibiting this bacteria.  
           The differential effect of the compounds extracted in polar solvents 
used in inhibiting Gram negative bacteria E. aerogenes and C. freundii are 
shown in Fig 9.3.  The compounds GKS1-GKS4 extracted in DMF or DMSO 
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         Figure 9.2 
  205 
 could not produce any inhibitory zones against either of the bacteria.  VKS -4 
in DMF was the only Schiff base that showed inhibitory activity against  C. 
freundii while in  E. aerogenes, compounds VKS 2-VKS4 showed inhi bitory 
activity with the solvent DMSO.  Other compounds did not inhibit either of the 
bacteria studied. 
From the results stated above it can be concluded, that among 4-
aminoantipyrene and vanillin, the latter is most effective and DMSO solvent 
proved to be  better.  Among the side chains, 2,4 -dimethylaniline and 
sulphamethoxzal are best and these can be used lead molecules in drug 
designing i.e. in inhibiting these medically important bacterial strains.  p-
anisidine, p-anisaldehyde and furfuraldehyde as side  chains are not  
producing any inhibitory activity.  This once again proves the earlier  
conclusion that antibacterial activity is dependent on molecular structure of 
the compound, solvent used and the bacterial strain under consideration.  
Such screening of  various organic compounds and identifying active agents 
is the need of the hour; because successful prediction of lead molecule and 
drug like properties at the onest of drug discovery will pay off later in drug 
development. 
All the Schiff bases were screened against Mycobacterium tuberculosis strain 
H37Rv at minimum inhibitory concentration (MIC), 6.25  g/ml. Table 9.1  
shows the % inhibitory for all these Schiff bases. Compounds showing more 
than 90% inhibition are considered to be active.  The inhibition depends on 
various factors such as compound structure, novelty, toxicity and potential 
mechanism of action. It is observed from Table 9.1 that all the GKS schiff 
bases are inactive. However, out of all the VKS bases, VKS -4 has higher %  
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inhibition than others. Thus, all the bases are not very effective on  
Mycobacterium tuberculosis.      
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Table 9.1.  % Inhibition of Schiff bases for the Mycobacterium tuberculosis. 
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A COMPREHENSIVE CONCLUSION OF THE WORK : 
 
CHAPTER – l :This chapter describes the literature survey on Schiff bases. 
 CHAPTER – ll : The synthesis of Schiff bases derived from 4-amino 
antipyrine and vanilline are given in this chapter. The structure of the se all 
Schiff bases conformed by IR, 1H NMR, Mass and UV spectra.   
CHAPTER – lll : In this chapter , density and refractive index of all Schiff 
bases are measured in dimethyl formam ide (DMF) and 1,4-dioxane at 35°C by 
using Pyknometer and Abbe refractometer  respectively. From the  
experimental data, molar refractions were calculated. Further, density of Schiff 
bases were evaluated and were compared with those calculated theoretically. 
The difference between experimental and calculated values may be due to 
molecular interaction and solvation of ions in solution. 
CHAPTER – lV : In this chapter, heat of solution of all the Schiff bases 
were determined in DMF and 1,4 -dioxane at different temperatures (25 -45°C). 
It is observed that solubility of GKS and VKS Schiff  bases increases with 
temperatures in both the solvents. In DMF, the order of solubility is GKS -
2>GKS-1>GKS-4>GKS-3 and VKS -1>VKS-2>VKS-3>VKS-4. In 1,4 -dioxane 
also, the same order is observed except GKS -1, which could not be studied 
due to its poor solubility in 1,4-dioxane.  The solubility is greater in 1,4 -dioxane 
than in DMF. Thus, the solvent polarity plays an important role on solubility of  
Schiff bases studied. The heat  of solution is positive for all the Schiff bases 
indicating thereby endothermic behaviour of these bases in both the solvents. 
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CHAPTER – V : This chapter describes the conductance of all the Schiff 
bases in dimethyl formamide (DMF) and dimethyl sulfoxide (DMSO) at 35°C. It 
is observed that all Schiff bases behave as weak electrolytes. Further, 
equivalent conductance is greater in DMF than in DMSO. In DMSO , the 
relatively low conductivities are due to greater electro relaxation effect owing 
to the higher permittivity of DMSO, which contributes interionic repulsions to 
larger extent.  
CHAPTER – Vl : In the present work, the dissociation constants of  all 
these Schiff bases are studied in 1,4 - dioxane-water mixture at 35 °C. The 
dissociation constant in GKS series shows that  order of acidity : GKS-4 > 
GKS-3 > GKS-2. GKS-4 shows higher acidic character than GKS-2 and GKS-
3 which may be due to the presence of methoxy group attached to benzene 
ring in para position. In VKS series, acidity  is : VKS-3 > VKS -4 > VKS -1 > 
VKS-2. The higher acidic nature of VKS -4 may be due to  sulphur containing 
group. 
CHAPTER – Vll : The thermal properties of  all these  Schiff bases are  
described in this chapter. DSC, DTA and TGA thermograms were scanned at 
the heating rate of 10  °C per minute in nitrogen atmosphere.  From the  
experimental data, it is observed that in GK S series, GKS-1 is most unstable 
and GKS-4 is most stable. In VKS series , VKS-2 is most unstable and VKS-4 
is most stable. The presence of –OCH3 group increases the stability in GKS -4. 
But when –OH group is also present along with  –OCH3 as in GKS -1, Schiff 
base becomes most unstable. In VKS -4, presence of sulphur containing group 
causes greater stability than other bases. However, when two methyl groups 
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are attached to benzene ring, it becomes most unstable (VKS -2). Thus, the 
thermal stability depends upon  type of substituted group.  Out of all Schiff  
bases, VKS-2 is found to be most unstable where as GKS -4 is found to be 
most stable.  
Various kinetic parameters such as order of reaction, energy of  
activation, frequency factor and entropy were also calculated . Except GKS-3 
and VKS-1 for which order of reaction is one, for all other bases, it is greater 
than one. Maximum energy of activation is observed for VKS -4 and minimum 
for GKS-1.  It is observed that entropy values are positive for all GKS and VKS 
Schiff bases. The positives  values indicate entropy corresponds to less 
transition state. 
CHAPTER – Vlll :  In the present chapter, the acoustical properties of Schiff 
bases in dimethyl formamide and 1,4 -dioxane solution were  evaluated at 
350C. These acoustical properties help to understand the molecular  
interactions  occurring in solutions. It is observed that for all Schiff bases , in 
1,4-dioxane and DMF solution s,   solute-solute interaction and solute -solvent 
interactions exist. But, predominance of solute -solvent interactions was  
observed for all the Schiff bases except GKS -1 in DMF. The nature of groups 
present in Schiff bases and solvent played an important role in the  
predominance of the type of  interaction.  
 
CHAPTER – lX : In the present chapter , the antiba cterial activities of all 
the Schiff bases were studied in dimethyl formamide (DMF) and dimethyl  
sulfoxide (DMSO) by using different bacterial strains.  Further, the 
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antitubercular screening was done against  Mycobacterium tuberculosis 
H37Rv.  
 It is observed that, among 4-aminoantipyrene and vanillin, the latter is 
most effective and DMSO solvent proved to be better.  This suggests that 
antibacterial activity depends on molecular structure of the compound, solvent 
used and the bacterial strain under considera tion. Further, all the GKS Schiff 
bases are inactive on  Mycobacterium tuberculosis. However, out of all the  
VKS bases, VKS-4 gave higher % inhibition than others.  
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